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The most important document of our time — 
the Draft Program of the Communist Party of 
the Soviet Union — points out that "progress in 
science and engineering under the socialist 
system of economy enables natural wealth and 
the forces of nature to be used most effectively 
jin the interests of the people" and that "the use 
40f science is becoming a decisive factor in the 
j9owerful development of the production forces 
)9f society". 


| The conquest of space, which has been de- 
lveloped intensively over the last few years, has 
ed to amazing results. Modern engineering 
ased on the latest achievements of science has 
iserved to promote it. As a result our knowledge 
jof the Universe has advanced so much that it 
has far outstripped our present ideas of the 
istructure of the interior of the earth. It is 
inevertheless the earth — our place of residence 
/— which provides us with food and drink, and it 
jis the depths of the earth which contain the 
variety of mineral resources which serve as 
‘the basis for the development of heavy industry 
jand agriculture. That is why geologists in the 
|coming era of Communism should be associated 
jwith the slogan “Let us conquer the interior of 
‘the earth! " 


RADICAL CHANGES IN FUNDAMENTAL 
GEOLOGICAL CONCEPTS 


The problem of what the earth is, how it 
came into being, what it was before, how it 
acquired its present appearance and became 
inhabited has attracted the attention of thinking 
people and excited their curiosity since ancient 
‘times. Tales of the origin of the world, or so- 
Called cosmogony, invented by the ancient 
peoples showed their sketchy knowledge of the 
‘earth and the Universe. The cosmogonies 
were gradually replaced as time passed by 
more valid scientific views. 


10 nekotorykh zadachakh v svyazi s poznaniem 
glubokikh nedr zemli, (pp. 3-12). 


by 
D.I. Shcherbakov and G.D. Afanas'yev 


SOME GEOLOGICAL PROBLEMS CONNECTED WITH KNOWLEDGE 
OF THE INTERIOR OF THE EARTH?! 


The geological science of the recent past 
was based on cosmogonic ideas which were con- 
ceived in the eighteenth century. 


The philosopher Kant, and later the astrono- 
mer Laplace, advanced the hypothesis that the 
planetary system originated from a red-hot 
nebulus. According to their interpretation, the 
earth and the planets were once in a molten 
state, and then, having cooled, retained a 
molten nucleus. For a long time the Kant- 
Laplace hypothesis was part of the scientific 
world's outlook. In geology it became the basis 
of scientific formulations and conclusions with 
regard to the development of the earth. It 
lasted for all of the nineteenth and even part of 
the twentieth century. 


The hypothesis of the molten stage, the 
gradual cooling and contraction of the earth 
gave rise to the theory of the fold formation of 
mountains, which was based on the idea of the 
contraction of the earth's core, onto which the 
surface crust settled, crinkling and rumpling. 
This hypothesis plus observations of an in- 
crease in temperature with depth in the earth's 
crust was the basis for the view that at a certain 
depth there was a magma capable of separating 
into separate molten layers as it cooled. In- 
deed it was this process which was used to ex- 
plain the variety of magmatic rocks and the 
development of post-magmatic processes which 
led to the formation of numerous and varied 
mineral deposits. 


Almost a hundred years ago the Austrian 
geologist, Edward Suess, first published his 
remarkable work. His generalizations, amazing 
for that time, covered the entire structure of 
the earth's crust, and he was the originator of a 
theory which reigned supreme among geologists 
for many years. He introduced a number of 
terms and concepts which have become part of 
everyday usage; for example, his definitions of 
the lithosphere, hydrosphere, the composition 
of the globe — “nife, sima and sial". In his 
celebrated book, ''The Face of the Earth", 
(1883-1909) Suess attempted to view the earth 
from outer space by parting, as it were, the 
accumulations of dark red clouds and slowly 
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emptying the oceans and seas of their water. © 
He pointed out the amazing depth of the oceanic 
basins, the low average height of the continents 
and their comparatively steep slope toward the 
oceanic depressions. 


On the basis of the cosmogonic ideas of his 
time, he developed the contraction hypothesis 
which for a long time determined the trends of 
development of geology proper, and its branch 
— tectonics. 


At the present time science is based on a 
completely different cosmogonic outlook, and 
this has also brought about changes in the 
fundamentals of geology. 


We now postulate that the earth originated 
by densification of meteoritic matter, that it 
was therefore cold at first and that subsequent 
heating was due to a considerable extent to the 
decay of radioactive elements in protoplanetary 
matter. 


According to these views, the earth itself 
generates heat. It is assumed that there is no 
molten core inside our planet, but that at a 
certain depth there is a maximum temperature 
layer wedging out at depth and toward the 
surface. On coming into contact with outer 
space the earth loses some of its heat, cools 
down and the heat conditions and pressure in 
the subcrustal layer or upper mantle determine, 
generally speaking, the observable oscillatory 
motion of the earth's crust. 


There has not been a liquid layer in the 
depths of the subcrust for countless years; 
hence there could not have been any separation 
(differentiation) of it in the form in which it 
was imagined earlier. The uneven generation 
of heat in the upper mantle probably causes the 
matter to melt and partially shift to the higher 
layers of the earth's crust. It is precisely these 
processes which determine the distribution of 
matter — the formation, on the one hand, of a 
solid residue enriched with magnesium and 
iron, and, on the other hand, the emission of 
liquid and gaseous phases which concentrate 
a variety of metals. 


THE PROBLEM OF OCEANIC DEPRESSIONS 
AND CONTINENTS 


Despite the extent of his formulations and 
despite all their "globality'", at that time Suess 
had no data on the relief of the ocean beds. 


Nowadays we know that the bottom of an 
ocean is not an even, basin-shaped depression. 
We know full well that apart from first-order 
structural features — the continents and the 
bottom of the ocean — there are tremendous 
underwater ranges of the mid-Atlantic rampart 
type and so-called “island arcs". 


One of the characteristic features of these 
formations is a deep central trench or "rift" 
stretching across the entire range, and, in the 
case of the island arcs deep-water depressions, 
situated side-by-side with the crests of upliftec 
areas. A second feature is that the present-day 
volcanos and earthquake epicenters are assignes 
to these formations. Whereas all of the epi- 
centers of the mid-oceanic rifts occur at rela- 
tively low depths of the order of 30-70 km, dees 
earthquakes with epicenters 700 km below the 
surface are associated almost exclusively with 
the region of high-seismic underwater de- 
pressions and chains of islands surrounding the 
Pacific. The narrow graben-rifts seem to con- 
tinue within the limits of continents or islands, 
and are therefore not exclusive to the ocean 
bottom. 


These examples are sufficient to demonstrate 
the idea that at the present time it is not possibl 
to divorce the tectonics of continents from the 
study of the structure of the ocean bottom. 
Hence, marine geology should be developed at a 
more rapid rate in the near future since the 
questions discussed above are undoubtedly 
among the problems this science must solve. 


As is well known, however, the rapid de- 
velopment of remarkable geophysical research 
methods in the twentieth century has brought to 
light the fact that the continental and oceanic 
regions of the earth's crust vary considerably 
in the way longitudinal waves pass through 
them. At different depths below the oceans and 
continents there is a point of separation called 
the Mohorovicié, which is assumed by many 
specialists as the tentative boundary between 
the earth's crust and the underlying mantle. 


The thickness of the earth's crust on con- 
tinents ranges between 30 and 60 km, the latter 
being typical of mountainous regions where, 
according to geophysical data, the crust forms, 
as it were, scarps penetrating into the subcrust 
medium. In the actual crust there are two 
main layers — the upper crust which is said to 
be granite, judging from the rate elastic waves 
are transmitted through it, and the lower or 
“basalt" layer. 


Under the oceans the structure of the earth's 
crust, according to the conventional interpreta- 
tion of geophysical data, is different from what 
it is under the continents. Characteristic of the 
bottom of the ocean is the absence of the upper, 
so-called "granite" layer and the thin lower 
"basalt" layer. The Mohorovicié discontinuity 
lies comparatively close to the ocean bottom, al 
some points only 6-8 km beneath it. 


The reasons for the difference between the 
levels of the discontinuity under the continents 
and the ocean are the basis for considerable dis 
cussion. The sum total of geological and petro: 
logical facts suggests that the difference is not 


fuestion of variation in the composition of the 
/ responding "layers", but the characteristics 
“he physical state of the matter comprising 

! earth's crust under the oceans and on the 
;tinents. 


+The obvious conclusion to be drawn from this 
hat the solution of fundamental geological 
pblems — the eternal enigma of the origin of 

/ earth's crust, magmas, mineral deposits, 

f. the reasons for catastrophic geological 
fnomena — is possible if scientists turn their 
ention to the depths of the earth in the light of 
} modern achievements of engineering and all 


ences associated with geology. 


Scientists are becoming more and more con- 
ced that the reasons for the actual move- 
jnt of the earth's crust, magmatism, vol- 
ism and earthquakes are the sources of 
Prgy and matter within the mantle. Of late, 
»physical exploration has revealed a layer of 
iluced velocities at a depth of the order of 
)-200 km (Gutenberg layer). This is highly 
bbably inasmuch as this region of the earth's 
j2rior is one of magma formation and con- 
itration of the principal sources of energy. 
ystances forming deposits of a great variety 
iminerals rise from this region together with 
| Magma, causing volcanic eruptions and 
jastrous earthquakes. 


ROJECT TO STUDY THE UPPER MANTLE 


(In view of the tremendous interest now being 
mwn by geologists in the study of the deep- 

Ing regions of the earth's crust, in the 

immer of 1960 the Assembly of the Inter- 
jional Union of Geodesy and Geophysics 

jypted a plan to organize extensive geophysical 
1 geological exploration of the top of the shell, 


% The plan 
fs named the "Upper Mantle Project'’. Con- 
erable effort will be required on the part of 
number of scientific-research organizations 
‘well as individual scientists from many 
intries to complete it. 


An International Organization Committee, 
ded by the President of the I. U.G.G. and 
rresponding Member of the Academy of Sci- 
ces of the U.S.S.R., V.V. Belousov, was 
ganized to coordinate the research, to work 
t basic recommendations and to plan the pro- 
*t as a whole. National Committees are being 
ganized presently in a number of countries to 
rry out the work envisaged for the project. 

ie most rapid and practical way of testing 
iether or not the mantle lies deep below the 
ttom of the ocean is to carry out drilling 
erations from ships through a 4-km layer of 
iter. 


le 


According to the latest information, in 
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March, 1961, the U.S.A. began an experimental 
drilling in deep water with a view to testing the 
equipment and machinery which might later be 
used to carry out the so-called Project Mohole. 
The ultimate aim of the project is to drill 
through the earth's crust beneath the ocean to 
determine the composition and physical proper - 
ties of its layers. 


Experimental drilling operations are going 
on in the region of Guadalupe, off the north- 
west coast of Mexico, through 3570-meters of 
water. The operations are conducted from an 
unanchored ship, the position of which is kept 
constant by a system of engines, at a point 
whose coordinates are latitude 28°59'N and 
longitude 117° 30'W. 


The region of the drilling was reconnoitered 
before the operations were begun: echo sound- 
ings were made, samples of the bottom were 
taken and seismo-acoustic sounding was carried 
out, showing that the bottom consisted of loose 
sediments, 150 m thick, strewn with rocks. 


The drilling is being carried out by the 
standard rotary method used on dry land in the 
oil industry. The main aim of the drilling is to 
establish the stresses and strains acting on the 
ship and the drill casings under experimental 
conditions, and to determine the optimum speed 
of rotation of the drills and the requisite weight 
of the drill. The drill core is the only thing 
which connects the ship to the ocean bottom, 
hence if at any time it is drawn up, it will be 
impossible to find the hole again. This means 
that all operations with the drill core, measur- 
ing and sample-taking have to be carried out by 
means of instruments lowered into the drill 
core from the ship or by cable. A diamond drill 
is used for the job, irrespective of whether the 
rock to be drilled is hard or soft. By April, 
1961, a depth of 186 m below the ocean bottom 
had been reached, and a basalt core brought up 
from this depth. 


A sample of the core, sent as a gift to the 
Academy of Sciences of the U.S.S.R., under- 
went a preliminary investigation at the Institute 
of Geology and Mineral Deposits, Petro- 
graphy, Mineralogy and Geochemistry of the 
Academy of Sciences of the U.S.S.R. Micro~ 
scopic study showed that the core was augitic 
basalt, possibly even diabase; was fine-grained 
and contained SiOz = 48. 40%, NaOp» = 1. 20%, 
K20 = 0. 33%; specific gravity, 2.904. 


An attempt was made to determine the 
absolute age of the rock by the K-Ar method. 
The following data were obtained: content 
K - 0.28%, Ar40 in hmm3/g = 0.0024. The age 
was 212 +10 million years. To calculate the 
age it was assumed that: A, = 0.557 * 19710 
years l, Ag=4.72- 10-10 years“1. The age 
tests were carried out at the Institute's 
Laboratory by L. L. Shanin. 
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Taking the low potassium content into 
account, it should be kept in mind that the 
accuracy in determining the age is not very 
high. At any rate, the age of this basalt, pro- 
vided there have been no superimposed proc- 
esses to distort the true ratios of the parent 
rock and decay products, is close to 200 
million years, which corresponds to the Trias- 
sic. Although we do not know the total section 
of the drill core, we hardly think that a 186 m 
column could unearth a continuous series of 
geological formations ranging from the present- 
day back to the Triassic period inclusive. 


The rate of accumulation of oceanic sedi- 
ments, as proved by one of us in an article 
written in 19602 and as has been shown by 
Ericson, Ewing, Wollina and Heeven,? is con- 
siderably greater than would follow from 
accepting the continuity of a section ranging 
from "today down to the Triassic" represented 
by a column 186 m long. 


It is more likely that there is a discontinuity 
in the sequence revealed by the drill core and 
that the position of the top of the section does 
not tally with the bottom, including the Triassic 
basalts. 


It should be pointed out that the age of the 
Palisades diabases determined by Ericson and 
Kulp by the K-Ar method! is close to that of 
the basic rock from the core of the deep-water 
hole (190-200 million years). 


PROBLEM OF STUDYING THE DEPTHS OF 
THE EARTH ON CONTINENTS 


Now as never before the aim of our geologic 
science is directed toward an understanding of 
the structure of the earth's crust, elucidating the 
interrelationships between the mantle and the 
earth's crust, studying the development of deep 
magmatism, and getting to know the processes 
of differentiation of terrestrial matter. 

Twentieth century geologists realize that the 
structural features they observe on the top of the 
earth's crust and its endogenic phenomena re- 
flect processes which are going on at tremendous 
depths. 


The structure of the earth's crust in the 


2G. D. Afanas'yev, The petrographic interpretation 
of geophysical data on the structure of the earth's 
crust, Izv. Akad. Nauk. S.S.S.R., ser. geol., No. 
gmt Dike 

3D.B. Ericson, M. Ewing, G. Wollina, and B.C. 
Heeven, Atlantic deep-sea sediment cores. Bull. 
Geol. Soc. America, vol. 72, No. 2, 1961. 

4G. P. Erickson, and J.L. Kulp, Potassium. 
Argon dates on basaltic rocks. Ann. N.Y. Acad. 
Sci., vol. 91, art. 2, 1961. 
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continental regions and the deep-seated proc ~ 
esses occurring in it have so far been ascerty 
ed only to a slight extent because of the inac~ 
cessibility of these regions to direct observer 
Study of the structure of the depths of the ear 
crust and the laws governing its development, 
cluding the periodicity of geological processe 
should be a joint study for geologists, petro- 
logists, geochemists and geophysicists, acco 
panied by an experimental research program | 
special drilling operations to a maximum dep’ 
in carefully selected regions. 


Many aspects of the problem in question, « 
as the geophysical study of the deep structure 
the earth's crust and mantle by seismic sounc 
ing, study of gravity anomalies and the drillir 
of super-deep holes should be carried out by 
geophysical and industrial organizations coup. 
with geological research on the problem. But 
the interpretation of geophysical data and the 
selection of the drilling regions is definitely ¢ 
matter for the joint efforts of geologists, petr 
logists and tectonic experts. 


The participation of vulcanologists and hyd 
geologists is also important, for they, togeth: 
with the geologists, petrologists and tectonic 
specialists, can undertake to study the deep- 
seated heat of the earth's crust and throw ligt 
on the laws governing present-day volcanic 
eruptions. 


This study of the earth's crust is particula 
important to the scientific establishments of t 
Division of Geologic and Geographic Sciences 
of the U.S.S.R. Academy of Sciences in orde: 
to explain laws governing the origin and devel 
ment of magmatic processes and their close 
link with tectonic and ore-forming processes. 
Close attention should be given here to “Mag- 
matism and its link with the deep-seated stru 
ture of the earth's crust in the formation of 
commercial minerals". 


Knowledge of the evolution of the material 
which the earth's crust is made through the g 
logical history of our planet is the basis of th« 
geological theory of magmatic and ore-formir 
processes and is absolutely essential at the 
present stage of the development of geology w 
its national economic slant towards scientific 
forecasting of deposits of the most important 
commercial minerals in the earth's crust. 


Radiological study is one of the most im- 
portant ways of solving this aspect of the prol 
lem. After all, the solution of many radical 
theoretical problems of the geological history 
the earth and the evolution of its shell involve 
the construction of a geochronological scale a 
the establishment of the absolute age of geolo 
cal, and particularly magmatic, formations b 
the U-Pb, K-Ar, Rb-Sr and other methods. | 


The main trends for research on this prob 
are: 


_ magmatism and the deep-seated struc - 
of the earth's crust on the basis of study 
whe different-aged and different -type (basites, 
fabasites, granites and alkaline rocks) 
ographic formations for different geostruc- 
jal regions of the earth (platforms — folded 
fions) and detailed study of their content, in- 
jling the physical properties of rocks com- 
yssing the magmatic complexes. The latter 
Particularly important for a correct inter- 
{tation of geophysical data. 


))) The genesis of igneous rocks on the basis 
'xperimental studies of silicate systems at 
‘pressures, with the participation of 

itile matter, and a study of the geologic- 
}ographic development of magmatism in the 
ith's crust in regions having different geo- 
Onic structure. Here, particular attention 
uld be given to the oldest and deepest-seated 
ks — eclogites and drusites, for example. 


*) Study of the relationship between mag- 
ism and endogenic mineralization on the 

ls of a combined geologic, petrographic and 
hemical study of magmatic formations and 
‘x derivatives aimed at developing a scientific 
lis for forecasing the occurrence of com- 
tical minerals. 


i) Radiological study of rocks with a view 
/eveloping an absolute geochronological 

yle and learning the specific nature of the 
position of rocks by means of isotopes and 
»r contemporary methods, coupled with 
sing the inter-relationship between the for- 
ion of rocks and derivative post-magmatic 
cesses. 


‘ hese studies should provide results in the 
im of summary monographs on the following 
jor problems in geology. 


The evolution of magmatism in the earth's 
3t through study of the development in space 
i time of the natural associations of igneous 
ks and the experimental study of petro- 

esis. 


)) Magmatism and tectonics on the basis of 
int study by tectonic experts and geophysi- 
is of the structural development of geosyn- 
es and platforms, and study of problems 

ln as the geology of the ocean bottom and 
‘anic islands. 


:) The physical (including elastic) properties 
ocks and minerals of different natural 
Ociations. 


4) Variation in the properties of rock-form- 
‘minerals as a function of the composition, 
fafions of formation and effect of super- 

| processes. 


2) The effect of petrogenetic processes on 
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the disruption of equilibrium states in radio- 
active elements and their decay products in 
minerals used to determing the absolute age of 
rocks and as tracers for geochemical and ore- 
forming processes. 


STRUCTURAL SUPER-DEEP BORINGS 


Everyone knows of the progress made by 
Soviet geologists, engineers, technicians and 
miners in building up a stock of minerals and 
raw materials in our country. But the next few 
years require a very great increase in the 
mining of all types of minerals and a complete 
record of all of their reserves in the earth. 


A dynamic change in our fuel balance through 
an increase in the specific gravity of oil and 
gas, planned by our Party and Government also 
necessitates deeper penetration of the depths of 
the earth than before. Practice shows, after all, 
that apart from the Tertiary oil-bearing rocks, 
the Mesozoic and older Paleozoic deposits are 
extremely promising from the point of view of 
their oil and gas content. But they often lie at 
depths between 4000 and 10, 000 m. 


About 20 years ago an important project to 
drill structural or stratigraphic wells was begun 
in our country; by now this has almost been com- 
pleted. These holes have given us a clear idea 
of the structure of the uppermost part of the 
earth's crust and have played a major part in the 
advancement of oil geology which supplies the 
country with oil and gas. 


The next stage of deeper penetration by man 
into the depths of the earth to bring up the 
wealth hidden there, first and foremost, the oil 
and gas, is now at hand. Success in this ex- 
tremely important project is closely associated 
with the completion of super -deep drilling to a 
depth of 10 or 12 km or more, which will pro- 
vide us with precise knowlege of the structure 
of deep-seated layers. In order to reach the 
deep oil and gas we must be able to drill deep 
and super-deep wells inexpensively. These are 
required both for prospecting and for the 
actual extraction of the oil and gas. 


Furthermore, deep wells will undoubtedly re- 
veal new mineral deposits, so far unknown. 


Deep drilling will give us the chance to 
utilize the heat in the depths of the earth, which 
would bring about a saving of millions of tons of 
fuel every year. At the same time, super-deep 
wells would enable us to study directly the com- 
position of the rocks and their physical pro- 
perties, including density, elasticity and viscos~- 
ity. This will enable us to make substantial 
corrections to the quantities used in calculating 
the velocity of seismic waves and other geo- 
physical characteristics, and this will lead to 
improvement in geophysical calculations and 
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make them much more reliable. Hence geo- 
physical methods and they are many times 
cheaper than direct drilling, will become even 
more important than at present and will pro- 
mote our study of the depths of the earth. 


Super-deep wells are therefore absolutely 
essential for formulating present-day geologi- 
cal theory which should combine processes 
occurring in the depths and the reflection of 
them near the surface. Without them and with- 
out knowledge of the structure of the depths, 
geological theory will make no progress. 


The deep holes should be drilled not only in 
the ocean, but also on the continents, since 
this, from our point of view, is more promising 
for the solution of urgent problems. The con- 
tacts discovered in the earth's crust corre- 
sponding to velocity differences in elastic waves 
at levels down to 10 or 12 km can be studied 
within the Baltic or Ukrainian shields. Knowl- 
edge of the structure of the earth's crust and 
the reasons for the deep divisions in these 
sectors will enable us to go on to a more 
ambitious program, including drilling the 
bottom of the ocean. 


Progress in this field will help the advance- 
ment of the second important problem in con- 
temporary geology, which is the "establish- 
ment of laws governing the formation and 
location of commercial minerals in the earth's 
crust"', this will enable us to construct metallo- 
genic charts and maps from which to correctly 
forecast the occurrences of commercial min- 
erals. 


TECTONIC MAPS 


Just as before, in the nineteenth century the 
geological map, which reflects the structure of 
the earth's surface and the relative age of the 
geological formations composing it, is still 
the basis of the practice and scientific reason- 
ing of geologists. 


The geological map is a very important link 
in geological work between theory and practice. 
Without these maps there could not have been 
any projects to expand the stocks of minerals 
and raw materials in our country, to increase 
water resources or to carry out the present- 
day large-scale construction. At the same 
time, the geological map is widely used for 
forecasting commercial mineral deposits and 
for geological theory. 


The present-day geological map, however, 
does not adequately explain the relationships 
existing between rocks in space and time. 
Thus a need has arisen for special tectonic 
maps of the structural features of the upper 
part of the earth's crust from the standpoint of 
their development. These maps are, as it 


were, a graphic explanation of the geological 
map and supplement them to a considerable 
extent. 


The compilation of tectonic maps of con- 
tinents is a new way of summarizing the work 
carried out by an enormous number of geo- 
logists studying the earth's crust. These maps 
which cover very large continents, which dif- 
fer in structure, are first and foremost a basis 
for theorizing with regard to tectonic develop- 
ment. By studying the arrangement and rela- 
tionship between the structures of different age: 
and types, we can obtain an idea of the move- 
ment of the crust in its different sections. 


When looking at them, for example, one is 
struck by the rectilinearity of many of the 
boundaries between structurally -different 
regions and the angularity of the outlines; this 
shows the major role played by deep-seated 
faults in the structure of the earth's crust, not 
always marked by surface disruption. Our mos 
eminent tectonic experts consider that the dif- 
ferent histories of the tectonic development of 
the Pacific and Atlantic segments of the earth's 
surface are most clearly brought c by a map. 


Thus, tectonic maps are absolutely essentia 
for understanding the structure of the earth's 
crust, solving the principal pro.:tems of 
theoretical geology and selectire sites for deep 
drilling. 


Tectonic maps are at the same time, of 
great practical importance. Ilhey can. be used 
to compile metallogenic maps and maps for 
forecasting the occurrence of commercial min- 
erals. Experience gained by all geological in- 
stitutions in compiling metallogenic maps show 
that they must contain basic data on the age of 
folding, the distribution of different structural 
stages in each zone of folding, the arrangement 
of specific tectonic forms (folds, faults) and, 
finally, the structural position, age and compo: 
sition of intrusions. Thus, apart from compil: 
ing small-scale tectonic maps covering as 
much territory as possible, we should strive tc 
produce large-scale tectonic maps of different 
parts of the U.S.S.R. 


Tectonic analysis of the bottoms of seas and 
oceans adjoining the U.S.S.R. should be a vital 
part of the study and mapping of the tectonics o 
the U.S.S.R. in the future. 


EXPERIMENTAL STUDIES 


The organization of experimental research i 
essential in dealing with a number of problems 
involved in the study of the depths of the earth’: 
crust. Among other things, experimental 
physical-chemical mineralogy and petrography, 
which should in effect serve as the theoretical 
basis for the study of commercial mineral 


@ eloped. 


oratory in the U.S. A., and the lack of it 

kes itself felt in all branches of our geologi- 
fjscience. Some of the physical-chemical and 
meralogical work in our country is done in 
foratories and institutes which are not 

marily intended for geological study. An 
€mple of this is the comparatively small In- 
ute of High Pressure Physics; it has well- 
Gipped workshops which are used for studying 
) synthesis of individual minerals. 


iThus, the U.S.S.R. Academy of Sciences 
st step up its work in experimental miner- 
gy and petrography by setting up a special 
-tor in the I.G.E.M. and, later on, by 
ablishing a special institute within the Geo- 
"ic-Geographic Sciences Division. 


This sector should engage in the experi- 
mtal and thermodynamic investigation of 
yblems in mineralogy and petrology, the 
elopment of the physical-chemical theories 
ineral formation on the basis of experi- 
mtation, and the analysis of natural mineral 


ragenesis. 


_The subjects for experimental research 


a) Development of methods of determining 
perature and pressure in natural processes 


d) Study of the properties of silica melts 
avitational stratification, degree of ioniza- 
m, microheterogeneity, transmagmatic solu- 


ms). 


e) Crystallization of melts at constant 
rtial pressure of mobile components, de- 
ndence of eutectic and cotectic compositions 
the regime of mobile components and addi- 


res; acid-basic interaction of melt components. 


ilosits and prospecting, is not being adequately 
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f) Study of mineral systems at various 
pressures and temperatures. 


g) Connodes between minerals of varying 
composition as functions of temperature and 
pressures; extreme states. 


h) Thermal constants of minerals. 


i) Acid-basic interaction of components in 
aqueous solutions. 


j) Oxidizing-reducing potentials during 
natural processes, and their relationships to 
acidity-alkalinity. 


k) Transfer of all components in aqueous 
solutions. 


1) Variation in isotopic composition during 
mineral formation. 


This list of some of the problems of con- 
temporary geology is based on the view that the 
path ahead of geology will be difficult unless 
geophysicists and geochemists combine their 
efforts in the extensive development of experi- 
mental research and penetration deep into the 
earth's crust. 


Study of the depths of the earth will make it 
possible to substantiate and formulate a new 
geological theory, opening up fantastic possi- 
bilities in the utilization of mineral resources. 


There is no reason to doubt that the earth 
reacts as a cosmic body to outside effects by 
varying its speed of roation and tilt of the axis 
of rotation to the ecliptic. Tidal effects occur 
on the earth and give rise to internal friction 
which, inturn, affect its rotation. 


These extraneous factors, being of cosmic 
order, have all undoubtedly affected the geo- 
logical development of the earth and the proc- 
esses taking place both on and within it. The 
aim of discovering the relationship between the 
earth and the cosmos by geological methods 
should be the basis for close collaboration be- 
tween geology and the sciences studying the 
Universe and the earth's neighbors in the solar 
system. 


e 


SOME IMPORTANT PROBLEMS IN THEORETICAL GEOLOGY’ 


by 


A.V. Peyve, N.M. Strakhov, and 
A.L. Yanshin 


The amount of the various minerals used by 
man will be substantially stepped up within the 
next 20 or 30 years. Both qualitative and 
quantitative progress in this field will be so 
extensive that normal progress of industry and 
power engineering will not be possible without 
radical advancement in the knowledge of the 
distribution and formation of mineral masses 
of different composition in the lithosphere. 
Thus, before long the earth sciences will be 
faced by new and tremendous tasks which at the 
present time they are not adequately prepared 
to deal with. 


Soviet geology with its variety of branches 
has made major theoretical achievements, re- 
views of which have frequently been published 
in the press. There is no point in merely 
enumerating these achievements. We need only 
to point out that the comparative abundance of 
various types of mineral resources today is due 
to a considerable extent to the progress of 
theoretical geology in our country. 


The names of Academicians Karpinskiy, 
Vernadskiy, Fersman, Levinson-Lessing, 
Gubkin, Arkhangel'skiy, Zavaritskiy, Smirnov 
and Shatskiy will go down in the history of sci- 
ence as the names of prominent scientists who 
have been able to combine profound elaboration 
of problems with the solution of specific and 
practical tasks. The discovery of rich iron 
deposits in the Kursk magnetic anomaly, oil in 
the Second Baku and the Cis-Caucasus, dia- 
monds in Yakutia and many other valuable min- 
eral deposits, was based on scientific forecast- 
ing and a sound knowledge of different geologic 
and geophysical laws. 


An outward sign of the advancement of Soviet 
theoretical geology is its rapidly increasing 
influence on the development of world science. 
At sessions of the International Geological 
Congress and other international conferences, 


1Nekotorye vazhneyshie zadachi v oblasti teoreti- 
cheskoy geologii. (pp. 13-20). 


reports by Soviet geologists are playing a lead 
ing role more and more every year. Mono- 
graphs, papers on methodology and even maga 
zine articles by geologists of our country are 
being translated and published both in the 
People's Democracies and in France, 

Britain and the United States. Soviet scientist: 
are becoming the initiators and leading lights 
in such international projects as the compilati 
of a tectonic map of Europe. 


These undisputed achievements, however, 
do not mean we can relax, and, what is more, 
the light of the present reorganization of sci- 
entific activity in the country they should even 
be regarded as quite inadequate. 


In geology there are still many more unkno! 
unclear and disputed questions than ones whict 
have been exactly explained. The general the 
of geologic processes is only in its infancy, at 
even then, only in certain fields, for example, 
lithology. Our views of the structure of the 
depths of the earth, the reasons for tectonic 
movements, the processes of metamorphism ¢ 
rocks and the mode of formation of many min- 
erals are often still mere hypotheses. 


This is mainly due to the inadequate theore' 
cal research conducted by our scientific in- 
stitutions; in many cases there has been no 
material-technical base for extensive and 
varied analytical and experimental research, 
without which hypotheses cannot be confirmed. 


The progress in Soviet geologic science 
mentioned above has been principally the resu 
of theoretical endeavor by a handful of talentec 
people. Most of the members of geologic in- 
stitutions have remained aloof from profound 
theoretical work. This situation is the result 
the overall development of geological work in 
our country. 


Before the First World War there were too 
few trained geologists in the country, the net- 
work of outlying geological institutions was 
still underdeveloped, and many regions of the 
country had not been properly studied. Under 
these conditions, both outlying industrial 


jentific institutions and those in cities 

ql to devote a great deal of attention to specific 
\ctical problems raised by the requirements 
he national economy. At the request of a 
tiety of organizations the Academy of Sciences 
janized expeditions for combined geological 
dy of different parts of the country. Most of 

j trained personnel of the Academy took part 
these expeditions and most of the funds 
signed for geological research were used to 
‘ance them. In carrying out their program 

* geologists of the Academy of Sciences did a 
2at deal of good in developing the country's 
yional economy, and in a number of cases, by 
)cessing the materials they collected, carried 
valuable theoretical work, though most of 
*™ were obviously unable to devote much at- 
(tion or effort to the important theoretical 
Pblems. 


|During the war, of course, all the manpower 
ji funds were used to meet the requirements 
. he front lines and the country's defense. 


/During the post-war years, tremendous 
soretical research was begun in many branches 
iscience and resulted in the harnessing of 

pmic energy, the conquest of outer space, and 
her achievements which heralded a new era in 
history of man. In geology, however, the 
rganization took its time and the lesser prob- 
jas of the day continued to occupy the attention 
tthe Academy's scientific institutions, al- 

eugh at present such problems easily could be 
ndled by branch institutes of various Minis- 
es and their departments. Even at the pre- 

it time, many of our scientists are showing a 
(tain trepidation in raising and tackling 
soretical problems, the solution of which could 
ye a tremendous practical effect on the future. 


‘As a result, with respect both to equip- 

‘nt and apparatus, and to trained per- 

onel, the scientific institutions of the Geo- 
sic Geographical Sciences Division of the 
lademy of Sciences have proved to be inade- 
ately prepared to solve important theoretical 
ablems of the earth sciences. It is quite 

sar that the situation which has arisen in the 
elopment of its theoretical fundamentals 

ist be changed. This applies, first and fore- 
st, to the institutions of the Academy of Sci- 
ces of the U.S.S.R. 


‘In its generalizations, Soviet geology must 
‘far beyond the bounds of the Soviet Union in 
> years tocome. It must analyze material 
ym other countries and publicize natural laws 
a global nature. This will undoubtedly lead 
a radical reappraisal of a number of funda- 
ental views in stratigraphy, tectonics and 

1er branches of geology. 


Within the Soviet Union the era of ore pros- 
ction on the surface of the earth is drawing 
aclose. The search for deposits buried 
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deep underground is being widely developed. 
Within the next few decades the search for de- 
posits and their exploitation will reach ever 
greater depths. This means that geology must 
devise methods of finding concealed deposits, 
invisible from the surface, for which both geo- 
physical and geochemical research methods and 
those of other branches of geology must be im- 
proved, for without them neither geophysics nor 
geochemistry can provide a single answer to the 
problems posed. Much more detailed strati- 
graphy than is practised at present and much 
more accurate methods of facies analysis and 
paleographic formulation are required to pros- 
pect for buried minerals; we must make big 
strides forward in studying formations and in 
the general laws governing the origin and loca- 
tion of commercial minerals. 


There is no doubt that during the next few 
decades the extraction of minerals from the 
bottoms of seas and oceans, which cover 71% 
of the surface of our planet, will be extensively 
developed. Soviet oil specialists have already 
moved far out to sea in the Caspian, and so 
have American oil experts in the Gulf of Mexico. 
They will be followed by geologists in search of 
other types of minerals. Both the exploitation 
of minerals from recent sediments (for ex- 
ample, manganese concretions on the underwater 
plateau in the Pacific) and the ancient min- 
erals in the zone of low-water shelf seas will be 
items on the agenda. This means that there 
must be a more thorough geological study of the 
sea and ocean bottoms and the origin of the 
oceanic depressions. 


The application of geology to the national 
economy will also be extended. In view of 
technological advnacement, the utilization of 
types of minerals which are for the moment un- 
exploited will become profitable. New spheres 
of application will be found for minerals re- 
quired only on a small scale at present. This 
means that geology must encompass the study 
of the overall composition of the earth's crust 
so as to be able to meet the requirements of the 
national economy, whatever they may be. 


The time is coming when extensive use will 
be made of the energy of geologic processes, 
first and foremost, heat. The hot waters and 
vapors which we are only just beginning to use 
in the sphere of present-day volcanism (Kam- 
chatka, Kuriles) will be employed at other 
places, too, where they lie within reach of the 
drill. Completely new problems in using power 
may arise in connection with super-deep drilling 
and the attainment of the deeper shells. In 
view of this, we must study the earth's heat 
balance and investigate the shelfs. Research 
of this kind can be conducted by the joint efforts 
of, geologists, geophysicists and geochemists. 
It will probably be 10 or so years before they 
are widely developed, but they will nevertheless 
occupy in the future one of the most important 
places in the earth sciences. 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


Geology cannot remain aloof from the 
progress of the study of the earth as a cosmic 
body, or other cosmic bodies. The progress 
in study of the earth along these lines should be 
used to reappraise existing views on the move- 
ment of the earth's crust and its tectonic struc- 
ture. A study must be made and an evaluation 
given of the possible effect of cosmic phenomena 
of the past on the development of the organic 
world. Investigation of the structure and the 
history of other heavenly bodies should also be 
developed. 


These fields of investigation are not the same 
fromthe point of view of their present state of 
development and the prospects of further de- 
velopment. It is quite obvious that study of the 
inner layers of the earth will be developed 
somewhat later than research in other direc- 
tions. Nevertheless, the present rate of de- 
velopment of science enables us to speak con- 
fidently of the genuine need to commence work 
in all of the mentioned fields. 


Let us take a closer look at some of the 
topical problems of contemporary theoretical 


geology. 


Most pressing in the study of the material 
composition of the sedimentary shell of the 
earth's crust is the different types and different 
stages of sedimentary rock formation — sedi- 
mentogenesis, diagenesis, epigenesis and 
metamorphism. Broad theoretical research 
has already been carried out on the humid and 
arid types of sedimentary origins, although 
there is no doubt that it could be continued, 
particularly from a geochemical standpoint. On 
the other hand, the theory of the effusive-sedi- 
mentary type of rock formation has been little 
studied by either Soviet or world science. It is 
indeed in this field that we can expect great dis- 
coveries in the relationship between endogenic 
and exogenic factors in the formation of a 
number of mineral concentrations, very im- 
portant in practice (phosphorus, aluminum, 
iron, copper, lead, vanadium and other ele- 
ments). 


Many of the genetic problems of present- 
day lithology, essential for practice, and varied 
and large-scale forecasting cannot be dealt with 
without profound study of the effusive-sedimen- 
tary type of sedimentary process or without ap- 
propriate assessment of the endogenic depth 
factor as a whole in sedimentary rock forma- 
tion or in the formation of the salt composition 
of seas and oceans. 


In view of this, further study of effusive- 
sedimentary formations of the past and the 
laws governing their formation is vital. Such 
research should explain first and foremost the 
processes of mobilization, migration and con- 
centration of matter in volcanic zones active at 
the present time, the effect on them of climate 
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and the part played by volcanism in forming 
certain mineral concentrations. The dependence 
of these phenomena on the tectonic situation 
should also be studied. 


Further, in lithology a very interesting prob 
lem is the study of facies-genetic relationships 
between dispersed elements and accumulations 
of their ores. In recent time, problems of the 
sedimentary accumulation of humid and arid 
zones have been widely publicized in Soviet 
lithology, hence we can not go on to elucidate 
the theoretical fundamentals of the geochemical 
processes occurring in humid climates. This 
should be the basis for study of migration, the 
distribution and accumulation of different ele- 
ments in tropical, sub-tropical and moderate 
climates in different facies of sediments. 


A key to these processes could be elucidation 
of the paragenesis of elements, particularly 
minor elements and rare earths, both in 
bauxite, iron and manganese deposits, phos- 
phorites and carbons, as well as the parent 
rock deposited under different circumstances. 


The next most important problem is to study 
the important transformations which rocks 
undergo in their geological history during epi- 
genesis resulting in a considerable regrouping 
of rock components. A study of these processe: 
would enable us to bring to light the facies of 
regional epigenesis, to note the difference be- 
tween this process and metamorphism and to 
ascertain the part it plays in forming a number 
of epigenetic mineral deposits. But of parti- 
cularly great importance is elucidation of the 
geological history passed through by the rocks 
from the moment they were formed to the pre- 
sent time. For this purpose, it is very im- 
portant to expand the laboratory methods of 
studying the physical properties of minerals 
since this will enable us to make the constants 
of mineral modifications forming in different 
environs more accurate. 


Finally, an important problem in the study 
of the material composition of the sedimentary 
shell of the earth's core is the evolution of the 
sedimentary process throughout the history of 
the earth; the study should be made on the basis 
of knowledge of the types of lithogenesis. 


There is no doubt, however, that in the 
history of the earth both the quantitative rela- 
tionship between these types and the qualitative 
nature of the precesses inherent in various 
types oz lithogenesis have changed. This is why 
there are "extinct" rocks and sedimentary for- 
mations, and this fact is extremely important 
in establishing the regularities governing the 
location of commercial minerals. 


In the study of magmatism the main emphasi 
at the present time is on deciphering the phsica 
chemical side of the process of deep mineral 


ation and rock formation. Very extensive 
improved experimental research should be 
ganized in this field. With regard to the 
|rely geologic study of magmatism, there is 
*3reater need than ever before for joint solu- 
pns of a number of problems. 


i, The general regularities governing mag- 
a@atism coupled with knowledge of the deep 
ycucture of the earth's crust, the distribution 
/ space of natural associations of magmatic 
icks as a function of major tectonic struc- 
res of the earth's crust, the geochronology of 
sagmatic phenomena and the evolution of the 
agmatic process throughout the history of the 
rth are all general geologic problems which 
¢n be dealt with effectively in conjunction with 
ase of geochronology and geotectonics. 


As is well known, geology is a historical 
ence. One of its main aims is to determine 
2 history of events which occurred on earth 

) the course of geological time. So far, the 
4storical sequence of events in different parts 
‘the globe has been reconstructed by the bio- 

i ratigraphic method based on analysis of the 
placement of organic forms with time. It is 
msidered that the replacement of fauna occurs 
most simultaneously in different parts of the 
be. On the other hand, geology now widely 
aploys methods of determining the absolute 

e of rocks by study of the isotopic composition 
‘radioactive elements. But the use of this new 
ethod, which for the moment only assigns 

ites to the relatively larger periods of time 
sufficient for geological practices) has posed 
umber of new problems for science. In 
jrticular, it has turned out that certain stages 
» geologic history are extremely uneven in 
jrms of absolute age, whereas geologically 
eaking they are the same. A tremendous 
jaount of factual material has been accumulated 
the present time, enabling us to study the 
jlationship between absolute and relative geo- 
ronology, to ascertain the accuracy of the 

ne scale used in geology, and to solve the 
‘oblem of synchronism or asynchronism of 
atigraphic units on different continents. This 
ct will provide a sound basis for the historical 
‘construction of geological events of the past 
jd the factors govening the geologic evolution 

; the earth. 


| This work will naturally give rise to new 
‘ethods of stratigraphy and, therefore, im- 
‘oved methods of geologic mapping, so very 
isential for practical needs. 


| The relationship between the absolute and 
‘lative times in geology can be illustrated most 
early by the example of the study of the young- 
st Quarternary (Anthropogene deposits) by dis- 
wering the relationship between the geochrono- 
gy of its sedimentary accumulation and the 
aciation taking place in Anthropogene time. 

he Elucidation of these relationships, just as 


il 
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the features of Anthropogene time as a whole, 
will help to link the present with the past and 
will, in effect, be a key to earlier geologic 
history. This research is of great methodologi- 
cal and scientific importance. 


During this research, which can be carried 
out only by composite use of classic biostrati- 
graphic and geomorphologic methods in con- 
junction with physical and geochemical methods, 
the most important stages in the development of 
Anthropogenic fauna, flora and man in the geo- 
logic history of the earth will come to light. 
Among other things, such research will throw 
light on the appearance of man of the con- 
temporary type in the Paleolith, the origin of 
Quarternary mammalian fauna and of flora in 
the Eopleistocene in Europe, and will also show 
the specific features of the development of 
marine and continental fauna in Siberia and the 
Pacific. 


The synchronism or metachronism of cli- 
matic variation and associated glaciation in the 
Northern Hemisphere should be studied at the 
same time by drawing general conclusions from 
the data available on Europe and Northern Asia, 
using physical methods and comparing them with 
data for North America and with variations in 
the levels of the world ocean. 


In the case of the more ancient deposits the 
most important problem is accuracy in the pre- 
sently accepted comparisons — the absolute or 
relative simultaneity of processes occurring on 
the globe, — of the epochs of folding, trans- 
gression and regression, sharp variation in the 
organic world, climatic variation, and so on. 


The solution of these problems, which used to 
be based on paleontological data, always rested 
on the vagueness of the relationships between the 
development of organic forms in different biogeo- 
graphic provinces and geotectonic regions. At 
the present time, physical methods enable us for 
the first time to find certain reference points for 
correlation between different biogeographic zones. 
Hence, we must concentrate on the problems of 
the biogeographical zonality of the geologic past, 
using data from isotopic and paleontological 
analyses, and date the more important events of 
the geological past more accurately. This will 
definitely lead to a final solution of the age-old 
problem of exact synchronization of stratigraphic 
subdivisions and will clear up a number of gen- 
eral problems of the paleography of the earth's 
surface. 


We can already characterize the botanic- 
geographic zonality of the Northern Hemisphere, 
discover the features of the Upper Paleozoic 
flora of the Angara region and their relation- 
ship with those of other provinces, describe the 
zonality of Jurassic, Cretaceous and Paleogene 
flora in the Northern Hemisphere, as well as 
map the position of climatic zones in the geo- 
graphic past more accurately. 
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Further research along these lines would 
enable us to ascertain the relationship between 
the stages and nature of the development of 
organic forms in the basins in different geo- 
tectonic regions and biogeographic provinces 
(the problem of synchronism and homotaxality), 
and for the first time in present-day conditions 
there is a possibility of assessing both the 
effect of local or regional factors and that of 
factors on the development of organic forms of 
planetary importance, which can be ascertained 
by comparing the stages of development of 
organisms from the Pacific, Atlantic and 
Mediterranean provinces during different 
epochs. 


Apart from its general theoretical impor- 
tance, this work is vital to an understanding of 
the limits of the stratigraphic subdivisions, 
methods of substantiating them and their re- 
tention in space, which is essential for the 
further development of present-day stratigraphy 
and geomapping. 


Geologists urgently require a considerable 
broadening of their present views on the history 
of the earth's surface over the centuries and 
further elaboration of the problem of geologic 
time and the development of the earth's crust 
in the Precambrian. 


Until recently the history of the earth's crust 
had been studied in any detail only for its last 
500 million years. Use of data on the absolute 
age and problematic organic residues (stromato- 
lites, etc. ) now provides us with the precondi- 
tions for expanding geologic history another 
1-1/2 to 2 billion years, during which the prin- 
Cipal tectonic elements of the earth's crust 
took place. This research in effect creates a 
scientific basis for harnessing the mineral 
wealth of the axial zones of structures and 
depths of the earth, and will at the same time 
bring to light the characteristic features of the 
oldest stages of the earth's development, linking 
geology to astronomy and making it possible to 
talk of the stages of the development of the 
earth in terms of a planet. 


This aim is to be attained by expanding re- 
search in absolute dating of sedimentary se- 
quences of the Precambrian, ascertaining the 
relationship between the absolute age data and 
processes of sedimentary accumulation, differ- 
ent in the Precambrian and Postcambrian ages, 
and throwing light on the development of organic 
forms from the preserved traces of their ex- 
istence. This can be used as a basis for under- 
standing the history of the earth's crust in the 
Precambrian and of the mode of appearance of 


the principal tectonic elements of the earth's 
crust. 


The structure of the lithosphere and its tec- 
tonic life are in particular need of thorough 
study, since our knowledge in this area is still 
very restricted even though it would determine 


We 


the development of all the earth sciences as a 
whole, the origin of the earth, its structure ani 
development. 


A very important problem which can be 
solved by the comparison of tectonic maps of 
the continents and oceans is the study of spatia! 
and temporal regularities in the positioning of 
the earth's fundamental structures. 


At the present time, by virtue of the great 
accuracy and degree of detail in mapping geo- 
logic structures of all the continents, we are in 
a position to discover the general geostructural 
laws governing the arrangement, shape, size, 
mutual combining and coupling of different 
structural elements which, in the final analysis 
form a sound structural picture of the earth, 
rather than a chaotic one. 


An urgent problem is the study of the block 
structure of the earth and the associated study 
of different tectonic lines providing a distinct 
structural picture. Deep faults and other 
lineaments, folded arcs, virgations, ‘‘end" 
joints, criss-crossing structures, and so on, 
should be studied on an infinitely more accurate 
geological basis and on a planetary scale. 


Clarification of the relevant regularities 
would be of exceptional interest since it would 
provide us with the key to the greatest mystery 
of tectonics — the origin of the fact of the earth 


Another aspect of this problem is the questi< 
of the temporal regularities of tectonic de- 
velopment: tectonic stages, cycles, phases, 
their causes and significance. This is associat 
with the division of the folded regions into the 
Caledonides, Hercynides, Mesozoides, and 
Alpides; the distinguishing of more or less con 
pletely repetitious tectonic cycles; the idea of 
dividing the history of the earth into the Pro- 
terozoic, the Neogene, etc. 


This group of temporal regularities govern- 
ing the development has long been of exceptione 
importance in tectonics. At the same time the: 
is an urgent need for a critical reappraisal of 
all the relevant regularities in the light of new 
facts and new methods of analysis. 


The second problem governing the level of 
development of all the earth sciences and the 
cosmos is the movement of the earth's crust. 
At the present time this problem is being 
studied without reference to cosmic factors or 
to the conditions of the earth's cosmic existenc 
The development of geophysics, geochemistry, 
astronomy and geology in the fields of geo- 
structural laws and laws governing the shifting 
of blocks in the earth's crust throughout geolog 
time, may provide new solutions to the age-old 
problem of the reasons for tectonic movement. 


Over the last few decades, on the basis of 
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sing geologic and physical methods of investi- 
tion, the branch of geologic and geophysical 
jlence which concerns the deep structure of 

ie earth's crust, the forces, tensions, move- 
‘ents and sources of energy, has been rapidly 
veloping. Such problems play a large part in 
fe development of a number of branches of geo- 
lysics, for example, seismology and gravi- 
etry. Hence, the problem of the relationship 
‘tween deep and surface structures is an ex- 
femely urgent one, and will help us to under- 
and the genesis of tectonic formations, to 
‘sess the part played by horizontal com- 
‘ession and elongation in forming the struc- 

e of the earth's crust, the origin of mag- 
atism, earthquakes, etc. To solve such prob- 
Ms as that of the structure of the subcrustal 
yers and the origin of oceanic depressions, 

12 U.S. A. has worked out some expensive 
Ojects for super-deep drilling down to the 

se of the earth's crust. The need for exten- 
ve development of geologic-geophysical re- 
arch enabling us to establish the relationship 
tween the surface and deep structures of the 
irth's crust and to determine the mechanism 
‘formation of tectonic structures is acknowl- 
ged both here and abroad. 


Y 
: 
u 
. 
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‘In view of this, we think it is absolutely 
isential to organize a specialized institute 

- the study of the deep zones of the earth's 
ust which could unite the.efforts of geophysi- 
sts, geochemists and geologists in different 
‘Ids studying the composition and structure of 
2 deep-seated regions of the earth's crust and 
ibcrustal shells. In an institute of this kind 
illed engineers could make plans for super- 
ep drilling while experienced heat engineers 
fuld weigh the possibility of using energy from 
> depths of the earth. So far, we do not have 
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any institute of this kind, although without it we 
are not in a position to solve problems of con- 
quering the depths of the earth successfully. 


Research on the enumerated problems would 
throw light on the cardinal aim of the earth sci- 
ences and the cosmos, namely, the structure 
and development of the earth as a whole and, as 
a result, would answer, to some extent, the 
question of the nature of the zonal structure of 
the terrestrial globe and the overall evolution 
of its shells — mantle, crust, hydrosphere and 
atmosphere. 


The comparative characteristics of the struc- 
ture and development of the lithosphere and the 
solid shells of other planets and evaluation of 
the effect of cosmic phenomena on tectonic, 
paleogeographic and biological processes oc- 
curring on the earth would also be part of this 
fundamental aim. 


The elaboration of these problems will be a 
precondition for the development of research 
on man's conquest of the minerals and energy 
hidden in the depths of the earth. 


Geological Institute of the 
Academy of Sciences of the U.S.S.R., 
Moscow 


Received, 20 June 1961 


CONTEMPORARY GEOLOGY AND ITS PLACE 
IN THE NATURAL SCIENCES! 


by 


Ye. V. Shantser 


The tremendous advancement in the natural 
sciences during the twentieth century is pri- 
marily due to the impressive progress in physics 
and chemistry which has made them a sound 
basis for all of the natural sciences. This de- 
velopment has not left out geology, either. New 
physical and chemical methods are being in- 
corporated more and more into its various 
branches, providing greater possibilities for 
scientific research. The ‘borderline™ disci- 
plines such as geophysics and geochemistry 
have come into being and are being rapidly 
developed, and have already made it possible 
to discover a number of important regularities 
in the structure of the earth and the history of 
the materials composing it. It has now become 
possible to gain an objective idea of the pro- 
perties of matter in the deep shells of the globe 
— the mantle and core — which used to be com- 
pletely inaccessible for study by conventional 
geological methods. Our knowledge of the 
earth's present and past has moved way ahead, 
and new prospects for a deeper understanding 
of it have opened up. 


It is in this connection that over the last few 
years the question of the importance of geology 
and the prospects of its development and its in- 
dependent place among the other natural sci- 
ences has become a subject of lively interest. 


Geology evolved as an independent branch of 
the natural sciences during the second half of 
the seventeenth century when society's needs for 
crude ores began to grow as a result of incipient 
large-scale capitalist industry, accompanied by 
an increased interest in the depths of the earth. 
Since that time geology has undergone complex 
development. There has been a gradual in- 
crease in the range of subjects studied, as well 
as changes in the methods and aims, and hence 


an accompanying change in the essence of the 
science. 


The first so-called "heroic" period in the 


1 
Sovremennaya geologiya i yee mesto v estestvo- 
gnanii. (pp. 21-35), 
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history of geology was essentially the period of 
accumulation of the basic factual material and 
the development of basic methods of geologic 
observation. Originating from mining, descrip- 
tive mineralogy and "'geognosy™, on the one hanc 
and older physical geography on the other, the 
new-born science of geology retained in toto 
the formally descriptive nature of these 
disciplines. The establishment and primary 
systemization of observed facts were its main 
aims. The extremely scanty resources of the 
latter and the lack of any set methods of truly 
scientific research limited its possibilities, 
which amounted mainly to a simple description 
of the properties and mode of occurrence of 
rocks. Naturally, even at that time the wonder 
ing mind of the naturalist was not satisfied by 
the narrow, formally descriptive framework. 
Historical development, organically inherent in 
all geological occurrences, made itself felt and 
geologists were inevitably faced with the compli 
cated problems of the origin of rocks and ores, 
and hence the origin and past history of our 
planet. There is nothing therefore surprising 
that in the eighteenth century a tense ideologica’ 
struggle developed between the opposing school 
of Neptunists and Plutonists, a struggle which 
involved radical problems of the earth's past 
and present. Nevertheless, the ideas of 
Werner's doctrine of Neptunism, which dominat 
ed the times, basically were not gleaned from 
geological facts themselves or a scientific 
analysis of them, but from the natural philo- 
sophical concepts of past thinkers. Their 
sources were the views of Decartes and Leibnit: 
revived in the middle of the eighteenth century 
by Buffon and later diluted with a large dose of 
biblical teaching. It was indeed the lack of gen- 
erally-accepted and reliable methods of sci- 
entific analysis of geological data plus the 
attitude and theory of the educated bourgeous 
society of the time to Jacobite free-thinking and 
materialism of the French Revolution that 
caused the defeat of the truer teachings of 
Hutton and his disciples which bore the seed of 
materialistic and evolutionary ideas. 


From the beginning of the nineteenth century 
the range of interests of geologists shifted to th 
realm of paleontological stratigraphy and to 


nilding the basis for geologic chronology. But 
j2ology merely acquired the semblance of a 
/storical science thereby, and basically re- 
ained at the formally descriptive stage of de- 
j2lopment. It had not yet been enhanced by 


july scientific methods of historical-geological 
alysis. 


The paleontological stratigraphy of the time, 
hich was more of a profession than a sci- 
jitific discipline, could serve, therefore, only 
3 a basis for the entrenchment of the deeply 
etaphysical teaching of catastrophism, the 
j-iginators of which, including the eminent sci- 
itist J. Couvier, simply could not see its ob- 
).Ous contradiction of the facts known at the 
me. : 


if 
q 


| The transition to the second "classical" 
}2riod in the history of geology was accom- 
ished between the ‘thirties and 'fifties of the 
imeteenth century. It was marked by the 

ctory of evolutionary ideas, associated with 

ie names of Lysle and Darwin. This was the 
ca of the first truly scientific principles of 
}storical-geologic research when evolutionary 
aleontology and the modern method were 
tcadually becoming the chief tools in geology. 
fespite the certain crudity and inefficiency of 
ne methods of the time, they helped geology to 
jaange from a formally descriptive science to 
historico-graphic one, the main purpose of 
‘hich was the documentary reconstruction of the 
aronicles of geological history. True, the 
evel of actual knowledge limited its possibilities 
rincipally to reconstruction of events which had 
curred in the past on the earth's surface, but 
jie development of morphologic -tectonic re- 
jearch methods and microscopic petrography 
ave some idea as well of the development of 

1e internal structure of the earth, though only 

i: the very top of the crust. 


| The end of the nineteenth and beginning of the 
wentieth century heralded the turning point in 
he history of geology. The development of 
apitalism and its transition to the new, im- 
lerialist stage promoted exploitation of the 
arth's interior on an ever-increasing scale 
‘nd the incorporation of more and more virgin 
rritory into world economic ties. In all of the 
eading countries there were developed geo- 
gical services which systematically carried 
ut geological and survey work. In the guise of 
ioneers of imperialist expansion, numerous 
eographical and geological expeditions pene- 
cated deep into all continents. A mining in- 
ustry grew up amid the most remote and 
parsely populated deserts and tropical forests. 
‘his produced a flood of new factual data, and 
apidly broadened the outlook of geologists. For 
ie first time it became possible to conceive of 
4e structure of the whole crust as a whole, and 
4e abundance and variety of the new data en- 
ouraged the adoption of comparative methods 
n all fields of research. The science of 
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geology entered the third stage of its develop- 
ment, gradually changing into a science which 
was predominately a comparative-historical 
study aimed at discovering the general laws 
governing the historical development of the 
earth's crust as a whole on the basis of exten- 
Sive empirical generalizations, and at throwing 
light on the qualitative characteristics of the 
subsequent natural stages. 


At the same time, the increase in the variety 
and complexity of the problems tackled and the 
new research methods intensified the already 
started process of diversification in geology. A 
series of new, more or less independent disci- 
plines gradually took shape, and some of the 
earlier ones were broadened or changed in 
nature. For example, the generalizing work of 
A.P. Karpinskiy, J. Dénn, E. Suess and E. Oga 
marked the birth of historical tectonics, the 
studies of I. Walter, L. Dollo, N.I. Andrusov 
and other scientists founded the sciences of 
lithology, paleogeography and modern biostrati- 
graphy. The comparatively monolithic science 
of geology had formed a complex set of sub- 
sidiary sciences. 


In the twentieth century, geology, just as the 
natural sciences as a whole, began to develop 
more rapidly than before. The first theoretical 
generalizations were followed by new ones, 
which often corrected or even refuted them in 
many respects. Many of the earlier, firmly- 
held views began to crumble. This was parti- 
cularly obvious in the field of theoretical tec- 
tonics. 


The new data on the structure of the earth, 
even from the first few decades of the century, 
made it more and more obvious that the old 
contraction theory in the classical form, as 
formulated by Eli de Beaumont, no longer held 
water. It began to be replaced by more and 
more geotectonic hypotheses, unilateral and 
mutually contradictory for the most part, so 
that in the twenties and thirties, as so wittily 
put by C. Longwell, tectonics began to 
resemble a "madhouse". Somewhat later, 
again at times in extremely dynamic form, the 
collapse of earlier views began in other branches 
of geology as well; for instance, a heated con- 
troversy arose regarding the origin of granites, 
which still goes on to this very day. All this 
is an indication that the descriptive-empirical 
basis on which geology was founded throughout 
the preceeding periods in its history had become 
too unsound and was incapable of solving the 
new, cardinal problems of the earth's history. 


The need to change from the simple state- 
ment of empirically establishable laws to a 
genuine explanation of their causes and dis- 
covery of the fundamental laws of the earth's 
historical development is becoming more and 
more of a topical problem. But the solution of 
these intricate problems is inconceivable if 
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study is merely limited to the thin crust en- 
veloping the earth. It is quite clear that the 
transformation of its structure is not unrelated 
to changes occurring in its depths — in the 
mantle and core. On the contrary, it is just 
there that the main sources of the energy of the 
endogenic processes underlying such highly im- 
portant and decisive historical and geological 
events as mountain formations, folding and 
magmatism are to be found. For geologists 
the mere framework of the earth's crust is too 
narrow already the subject of geology in- 
cludes; the structure and development of the 
globe as a whole. It is thereby changing from 
the science of the earth's crust to the science 
of the entire globe. 


Geological research methods in their classi- 
cal form are no longer adequate to cope with 
the new problems. They need improving, re- 
juvenating and augmenting with new, more ef- 
fective, more perfect ones. 


Whereas the science of geology was once 
able to make do with knowledge of the exterior 
aspect of geological processes and manifesta- 
tions, we now require deeper penetration into 
the interior structure, first and foremost by 
discovering the physical and chemical nature of 
factors motivating them. Hence the very de- 
velopment of geology leads logically to the 
need to incorporate physics and chemistry in 
the solution of cardinal problems. This is not 
only becoming essential, but also possible, and 
solely through the progress made in these sci- 
ences themselves; their theoretical level, the 
methods and equipment used in them have now 
reached the stage at which they are capable of 
active participation in solving the complicated 
problem of geology, rather than just specialized, 
restricted problems, as was the case in the last 
century. It is therefore understandable that it 
is the twentieth century that has given rise to 
the new and extremely fruitful borderline" sci- 
ences of geophysics and geochemistry. In this 
respect, geology is no exception to the other 
branches of natural sciences, particularly bio- 
logy, the development of which is also marked 
by the appearance of the "borderline" physical- 
and chemical-biological disciplines in the 
twentieth century (biochemistry, biophysics). 


The above-mentioned factors have given 
rise to the specific features of modern geology 
which probably distinguish it from the geology 
of the beginning of the twentieth century just as 
much as the latter differs from the "classical" 
version of the second half of the last century. 
Modern geology, or, rather, the group of geo- 
logical sciences which it has become, is now 
going through a period of stormy development 
and reconstruction, marking the advent of a 
new, higher stage of development, a new, 
fourth period of its history in which there is 
a transformation from the earlier descriptive- 
empirical sciences, into an explicative, 
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genuinely theoretical science which views the 
earth as a single unit and studies all aspects of 
life on it in their close historical interrelation- 
ships, thereby uniting within itself all the in- 
dividual sciences of the earth, many of which 
study only individual aspects of the present 
state of the globe, inevitably divorcing one from 
the other. From this standpoint, all these sci- 
entists, no matter how important or strictly 
limited their aims and research methods may 
be, work to some extent for the good of geology. 
Geology is thus the nucleus around which the 
general teachings of the earth are united. 


Not all its disciplines are interrelated to the 
same extent. Some of them — those which 
study the present state of the earth's surface 
and the outer shells, the hydrosphere and 
atmosphere — are developing with a relatively 
greater degree of independence from the geo- 
logic disciplines proper. It is not so much the 
laws of internal development of the earth which 
are particularly important to them as the in- 
terrelationship between its peripheral geo- 
spheres and the factors of the cosmic medium, 
first and foremost the flow of energy from the 
sun (meteorology, climatology, etc.). This is 
fairly good reason to combine them into a 
separate cycle of sciences with a geographical 
slant in the broadest meaning of the word.? 


But the disciplines which study the structure, 
composition and historical development of the 
earth's internal geospheres, — the crust, mantle 
and core — are so closely intertwined that none 
of them can be treated as a sphere of knowledge 
unrelated to geology. On the contrary, together 
they form an organic entity which should be 
understood as modern geology. In this entity 
there merge, not only the old, so to speak, “the 
root", geological sciences (mineralogy, petro- 
graphy, lithology, tectonics), but also practically 
all of the so-called "transitional" and “inter- 
mediate" biological-physical and chemical- 
geological sciences. 


It is only paleontology which occupies a 
special position among the latter because its 
leading divisions, which deal with the systema- 
tics and evolution of extinct organisms, are so 
closely interrelated with biology that they can 
justly be regarded as a part of it. But they, 
too have developed historically from geology 
and primarily serve the practical side of geo- 
logic research, while their theoretical tenets, 
for the most part, are unthinkable without ex- 
tensive use of geologic data and research 
methods. 


The question of the essence of geography as such 
and its position in the natural sciences as a whole, 
and among the earth sciences in particular, has been 
intentionally omitted here. It is a subject which de- 
serves separate discussion, even if only because geo- 
graphers themselves have not reached a unanimous 
opinion on what geography is. 


2 
| Still more closely associated with geology 
are paleoecology and particulary paleobiogeo - 
Logy. Both in subject, and in methods of 

study, they are inseparable from lithology and 
piostratigraphy, being conventional divisions of 
jistorical geology. These disciplines are, in 


act, geologic rather than biologic in the proper 
sense of the word. 


As regards geophysics® and geochemistry, 
in objective analysis of the problem shows con- 
rincingly that these, too, are indivisible parts 
xf modern geology. They are united to the 
other geologic sciences first and foremost by 
he generality of the subject and the aim of the 
study — the structure and development of the 
parth as a whole. The distinctive nature of the 
ubject and its aims are determined as well by 
jhe specific methods of scientific investigation 
employed in these disciplines. They-combine 
Drganically physical and chemical methods on 
|he one hand, and purely geologic ones, on the 
other. In the theoretical field geophysicists, 
ind particularly geochemists, are obliged to 
vhink not so much in terms of purely physical 
und chemical categories, as in geologic 
tategories. Inasmuch as the position of geo- 
yhysics and geochemistry in the system of 
arth sciences is disputed, we will come back 
OQ it again at a later stage, when the specific 
Nature of geologic phenomena and geologic 
(yrocesses, which is of very great importance 
n assessing the basis of geology as a science, 
jas been analyzed. 


| The action of often extremely numerous and 
varied physical, chemical and biological factors 
inderlies every geologic process. The com- 
»lex and sometimes deceptive forms of com- 
bination and interaction of these factors 
throughout the millions and billions of years 
that the earth has existed are usually quite ac- 
sidental from the purely physical, chemical 
ind biological standpoint. Hence, they cannot 
be adduced as the direct and essential corol- 
jaries directly implied by these sciences. But 
hey are quite justified if approached from the 
listorical-geological point of view and con- 
sidered in the light of causes and effects which 
lire revealed by study of the development of the 


ie 
. 
| 


| 3This means only the geophysics of the crust and 
llepths of the earth. This a completely separate field 
»f knowledge, the combination of which with the 
Jhysics of the atmosphere and hydrosphere into so- 
valled "general geophysics" is quite artificial. 
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that we discover the specific geological laws 
which certainly cannot be reduced to individual 
physical, chemical or biological regularities 
determining the action of individual processes. 
Hence the study of the physical, chemical and 
biological nature of these motivating factors 
alone is often insufficient both for understand- 
ing the part played by geologic processes in the 
development of the earth and for simply 
Singling them out and classifying them. The 
more complicated the process under considera- 
tion, the more sharply is it delineated. This is 
fairly clear even in relatively simple cases. 


Let us consider for a moment a simple ex- 
ample — the activity of waters flowing over 
land. From a purely physical, or rather, 
hydrodynamic point of view, any flow of water, 
from a small stream of melted snow or rain 
water to a large river, flows according to very 
similar laws, if not identical ones and the 
mechanical work which these flows de also con- 
forms to the same physical laws. It would 
seem that there are exclusively quantitative 
differences between them, and that the histori- 
cal-geological part played by streams and 
rivers, on the one hand, and streams of melted 
snow and rainwater trickling down mountains, 
on the other, differ qualitatively. Rivers and 
rivulets cause linear erosion in the proper 
sense of the word. They cause deep ravines 
and valleys on the land's surface and separate 
the watershed elevations between them, or, in 
other words, they subdivide the land surface 
and make it-more uneven. Each stream of rain- 
water or melted snow taken separately, as it 
flows downward, also strives to make its own 
cut or tiny gulch, which at first sight differs 
merely quantitatively from the large ravines 
and valleys caused by major rivulets and 
rivers. But the overall effect of this activity 
of a dense network of streams is the process 
of areal erosion to the point of a more or less 
uniform reduction of the surface of the slope 
and the development of a gentle slope. The 
erosion caused by rivers and rivulets dissects 
the land and increases the degree of uneveness. 
Areal washout smooths out the relief, reduces 
its contrast and levels the land surface. The 
difference between the geologic result of 
erosion and areal washout shows up as well in 
the formation of basically different genetic types 
of continental deposits — alluvium which fills 
the bottoms of valleys and deluvium which covers 
the bottom parts of the slopes. These are com- 
pletely different geological bodies which in 
typical cases differ sharply both in shape and 
in mode of occurrence, internal composition 
and structure. 


This is a splendid example of the dialectic 
law of change from quantity to quality. But 
here it is of importance to us from another 
standpoint. After all, if we merely studied the 
physical aspect of the factor — the mechanical 
work of flowing water — we would never be able 
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to assess the extent of the qualitative difference 
between these two processes. It is only the 
study of geologic results to which they lead 
over long periods of time and only a historical- 
geological assessment which enables us to pin- 
point their difference in principle, to shed 
light on the roles which they play in the histori- 
cal development of the earth's surface and to 
note the specific nature of their development. 


Let us look at another, much more compli- 
cated case — sedimentary ore formations. As 
has been proved most conclusively by N. M. 
Strakhov [7] in his recently published book on 
the theory of lithogenesis, the formation of sedi- 
mentary ores, including iron and aluminum de- 

‘posits and cuprous sands, is the result of the 
same processes as the deposition of ordinary 
sedimentary rocks. But in order to realize this 
the joint action of a whole number of favorable 
factors governed by the geologic situation at a 
given time and place was required. 


Strakhov distinguishes a minimum of five 
such factors: 1) heightened intensity of the 
chemico-biogenic melt of the ore component in 
the given sea or lake; 2) favorable hydrodynamic 
conditions and paleogeographic position of the 
reservoir and its ore-forming region; 3) slight 
dilution of the sediment with terrigenous mate- 
rial transported from the shore; 4) the addi- 
tional concentrating effect of the redistribution 
of matter in the diagenesis of the ore deposit; 
5) erosion of the ore body with removal of the 
finely-dispersed terrigenous material. 


The direct action of each of these five factors 
can be explained by fairly simple physical and 
chemical laws which enable us to reconstruct 
the mechanism and dynamics of the accumula- 
tion of each specific ore deposit and the pattern 
of the accumulation dynamics of all deposits of 
a corresponding type. But this far from ex- 
hausts the geological laws for the formation of 
sedimentary ore deposits as a whole, determin- 
ing their spatial and temporal localization 
throughout the geologic history of the earth's 
crust. Nevertheless, it is only by discovering 
these general geologic laws that we can under- 
stand the possible distribution of deposits of 
this type, and, consequently, learn to prospect 
for them and make reliable forecasts for the 
future. This can be done only by analyzing the 
specific history of the earth's crust and surface, 
by showing in which geological eras and in which 
regions the relief, climate, shape of the land and 
sea combined to produce a favorable combination 
of these factors. Naturally, in the long run, the 
occurrence of these conditions is the result of 
a long chain of complex, interrelated physical 
and chemical factors. But it is inconceivable in 
practice that we could reconstruct this entire 
relationship by physical and chemical research 
methods or bring to light the causes and effects 
of individual links. As anyone can see, geo- 
logical methods alone are suitable for this. 
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This concerns to a much greater extent such 
complex categories of phenomena as magmatism 
and folding. Physical and chemical laws only 
help us to understand separate details and in- 
dividual processes making up their composition, 
or, conversely, certain extremely general pre- 
mises for their appearance. It is impossible to 
ascertain the specific reasons and thereby ex- 
plain the origin of the types of motion of the 
earth's crust, the types of tectonic deformation, 
the emplacement of magmatic intrusions of a 
certain composition and shape, etc., at the 
given place and in the given geological epoch, 
merely by physics and chemistry. To do this 
correctly we must know the specific laws of 
development of the crust and the earth as a 
whole, determined so capriciously by a com- 
bination of different factors, that without 
specialized geological methods or on the basis 
of chemical and physical data alone they cannot 
possibly be established, just as it is impossi- 
ble to deduce them directly from the general 
laws of physics and chemistry. 


It is only by a close, organic union of physi- 
cal, chemical and biological methods with geo- 
logical methods that it becomes possible to find 
a complete and thorough explanation of the laws 
of development and present-day state of the 
earth, and thereby master the laws and adapt 
them to human needs. Here the importance of 
geological methods must not be underrated by 
assigning them an auxiliary, second-grade 
role, as some people try to do, referring to 
their allegedly descriptive nature. It must be 
kept in mind that it is these sciences which 
contribute the element of historical background, 
without which knowledge of the past or the pre- 
sent of the earth is unthinkable. It is just this 
profound historical background which is a 
specific feature of any geological study, includ- 
ing physical and chemical-geological studies, 
and which distinguishes it basically from the 
conventional physical and chemical studies, 
which are mainly restricted to the present state 
of matter and the continuous, yet transient and 
reversible changes which describe it. 


In the given sense the historical background 
of the study is important to us from two differ - 
ent points of view. First of all, a geological 
phenomenon can be understood only through 
knowledge of its origin. Most geological proc- 
esses are extremely slow, taking many thou- 
sands, millions or tens of millions of years. 
Hence they do not lend themselves to experi- 
mental reproduction or simulation. Nor do 
the complex geological environs, varying as 
they do, in time, in which the particular proc- — 
ess occurred. Thus, the most important way of 
reproducing the actual course of the process has 
always been and still is the geological method. 
The stratigraphic sequence of stratification, the 
study of structural relationships between min- — 
erals composing rocks and ore deposits, etc., 
all enable us to single out the natural stages of 


‘he process and determine its chronology. 

}study of the occurrence of rocks, their inter- 
#-elationship, the organic sediments within them, 
find the nature of their deformation sheds light 
Dn the medium in which the process developed 
find on its variation with time. Only by a knowl- 
edge of the specific geological situation can we 
€cide on the correct material for study of the 
ohysical and chemical properties of matter, 

*he aim of experimental research and the condi- 
sions for its successful solution. On the other 
mand, geological inspection of the physical and 
‘chemical data obtained alone can ensure an ob- 
//ective check on the validity of the conclusions. 


| A second, equally important aspect of geo- 
-Ogical history is the irreversibility of changes 
jof the state of the earth and its crust. The de- 
}7elopment of the globe as a whole is irreversi- 
fole, just as the stages of development of all in- 
ilividual geological features are to some degree 
irreversible. The history of the earth is an 
jadvancing process, during the course of which 
ts structure, its physical state and the thermo- 
‘dynamics and physical-chemical environs in its 
depths and on its surface also change qualita- 
ively. The conditions for the processes and the 
sourse itself change accordingly. Discovery of 
che laws governing this forward, irreversible 
\Jevelopment is the principal task in studying 
‘the earth both in theory and practice. 


As an illustration we can refer to the well- 
-known works of Strakhov [5, 6] on the evolution 


_ It is indeed by means of geological methods 
lthat in his work he reveals the specific develop- 
ment of the irreversible changes in the two 
jprocesses, helping us to understand the distri- 
bution of a number of minerals in variously- 
jaged deposits. 


The study of the chemical composition of a 
‘mineral and its physical-chemical mode of oc- 
‘currence plays a great part, of course, in this 
research. But the general laws of chemistry 
and physics, valid for nature as a whole, are in 
themselves insufficient to explain the causes of 
these irreversible changes or to enable us to 
deduce laws governing them. For this purpose 
we require a specific analysis of the actual 
course of history, a leading place in which is 
‘occupied by geological methods. 


Thus, the incorporation of physics and 
chemistry into geology in no way reduces the 
importance of the specific methods employed 
by the latter, but merely enhances it, raising 
it to a high level. This is due primarily to im- 
provement of the geological methods themselves 
through the acquisition of new physical and 
chemical methods. A good example is the meth- 
od of facies analysis of sedimentary rocks, the 
foundations of which were laid back in the 
middle of the last century. For a long time 
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this method was based on simple analogy be- 
tween minerals and present-day deposits 
similar in composition, on the one hand, and 
on the study of the biologic community of ex- 
tinct organisms found in rocks. These char- 
acteristics were used to judge the mode of for- 
mation and environs of rocks. At the present 
time the organic element in facies analysis is 
a thorough physical-chemical study of the rock 
material and laws governing its change in 
space and time. Coupled with this profound 
study of the physical-chemical nature of 
present-day geological processes, this has 
improved the possibilities of the method and 
made the conclusions reached by means of it 
more reliable and definite, and in effect has 
turned it into a new, improved method. The 
same thing can be said of the petrography of 
igneous and metamorphic rocks. This sci- 
ence is incorporating physical-chemical methods 
more and more extensively, including experi- 
mental research, thus revolutionizing it, sup- 
plementing it and enhancing an old microscopic 
method. 


The second form in which physics and chemi- 
stry have invaded the realm of geology is the 
birth of new "borderline" disciplines — geo- 
physics and geochemistry — in which physical 
and chemical methods play a leading part. 
Nevertheless, these, too, should, certainly 
not be regarded simply as applied branches of 
physics and chemistry. On the contrary, as 
has already been stressed, they are an in- 
separable part of present-day geology and their 
fruitful development is unthinkable if they are 
divorced from it. 


This is particularly clear from the example 
of geophysics, although it is the geophysicists 
themselves who cry out in favor of the total 
emancipation of their science from geology. 

The physical methods of studying the earth 
possess a number of undisputed advantages. At 
the same time, however, their possibilities are 
strictly limited, at least in two very important 
respects. Firstly, they enable us only to assess 
individual physical constants of matter, which 
in themselves are totally inadequate for reliable 
and unified conclusions on its composition, or 
even physical properties as a whole. Secondly, 
they enable us to study only the present-day 
state of the globe i.e. , they lack the very ele- 
ment of historical background which has been 
discussed above.* 


It is just for this reason that if the physics of 
the earth is divorced from geology, it is only 
able to give a very general and incomplete 
picture of the present state of our planet, and 


4Methods of radiometry based on the study of the 
results of irreversible processes of decay of unstable 
atoms may be, to some extent, an exception. 
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camnot provide a successful solution to histori- 
cal-genetic problems. 


The interpretation of physical data on fea- 
tures of the structure of the earth's crust is 
always made in conjunction with geological data 
and is guided and controlled by the latter. The 
close unity of physical and geological methods 
is a feature of the scientific geophysical meth- 
od as such, distinguishing it from physical 
methods in the true sense of the word. This 
is clearly shown by geophysical prospection. 
But even here the origin of tectonic structures 
and ore deposits discovered by geophysicists is 
entirely a matter for geologists. 


At first sight a major role is played here by 
the paleomagnetic method, which has become 
very popular in recent times. Many people 
consider it, and not without good reason, as 
one of the important methods of directly solving 
such complex problems in the history of the 
earth and its past as precession or of the hori- 
zontal movement of continents. Even in the 
given case, however, we are concerned not 
only with the study of residual magnetism of 
rocks by purely physical methods, but by the 
close link between this study and extensive 
general geological investigation. Even the 
choice of material for paleomagnetic study 
stems from geological considerations — the 
age and origin of rocks. The end results and 
their degree of reliability are determined to a 
still greater extent by geological facts, for 
they cannot be formulated with any degree of 
validity without being coupled with paleogeo- 
graphic data of the past brought to light by the 
conventional methods of historical geology. Not 
only that, there is good reason to believe that it 
is only a thorough analysis of paleogeographic 
data that can enable us in the long run to over- 
come the serious discrepancies which have 
arisen in interpretation of paleomagnetic ob- 
servations, to reconstruct a true picture of the 
evolution of the earth's magnetic field and to 
shed further light on its nature and origin. 


Such is the situation in the application of geo- 
physical methods to study of the upper part of 
the earth's crust. Regarding the deeper-seated 
zones, and especially the mantle and core, 
geophysics is the only source of information 
on their structure. The use of conventional 
methods if absolutely out of the question. Yet 
it is for this reason that we know so little of 
the geospheres and have not been able so far to 
reach any single conclusion on the composition 
and state of the materials making them up. 
Some indirect information is provided by astro- 
physics and planetary astronomy, although 
these are based on hypothetical assumptions 
with regard to the origin and development of 
the planetary bodies as a whole, which in them- 
selves require verification. More reliable, 
although, naturally, also tentative conclusions 
can be derived by extrapolation of direct 
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geological observations of the structure of the 
earth's core and composition of the rocks com- 
prising it. The fact that these data are given 

a geochemical interpretation does not affect 
the matter, since this interpretation is based 
entirely on facts discovered by geological 
methods.5 


It is not surprising that the geologist E. 
Suess had the honor of devising the first com- 
plete and substantiated plan of the inner struc- 
ture of the earth. Even to this day the plan 
has retained far more than just historical in- 
terest and has been improved and supplemented 
rather than discarded by subsequent study. All 
of the characteristics of the composition of 
internal geospheres which are used in sci- 
entific literature at the present time (basalt, 
peridodite, eclogite shells, etc. ), have been 
completely borrowed from data obtained by 
geologists on the composition and laws govern- 
ing the distribution of rocks in the earth's 
crust. Thus we can understand the great hopes 
which have been placed on the experimental 
drilling operations already begun on the con- 
tinents and ocean bottoms. These alone can 
make it possible for us to make a direct study 
of the basalt layer, and maybe the upper parts 
of the mantle by geological, including geo- 
chemical, methods and to move from specula- 
tion to firmly established fact. 


Naturally, the possibilities of directly 
drilling down to great depths are extremely 
limited, hence geophysical methods of investi- 
gation will continue to occupy a prominent place 
in the future. As they are gradually perfected, 
they will enable geophysicists to bring to light 
the structure of the internal geospheres in ever 
greater detail; this has been confirmed by the 
entire experience in the development of geo- 
physics. 


Until very recently the earth's mantle was 
represented as a shapeless, homogeneous mass. 
The progress made in seismology has now 
forced us to abandon this idea. Data on deep- 
focus earthquakes prove convincingly the in- 
homogeneity of the structure of the mantle to 
a depth of at least 700-900 km. We can be sure 
that in the future it will be possible to ascertain 
details of the internal, undoubtedly rather com- 
plex structure, to single out the deep tectonic 
structures of various types in it and to establish 
laws governing their spatial distribution. But 
in order to understand the history of these 
structures, only one path is open — the eluci- 
dation of their relationship with the more 


5Information on the composition of meteorites used 
for the same purpose is no exception, since it is 
based on mineralogical-petrographic study of these 
heavenly bodies, i.e., on study by geological meth- 
ods, on the geology of meteorites and not on their 
astronomy. 


iperficial structures in the earth's crust, the 
story of whose development has been docu- 
fentarily reconstructed by geological methods. 
is only by considering the history of the crust 
id mantle together as two inseparable zones 
at we can deduce the basic laws governing it. 
order to do this geophysics must become an 
jtegral part of geology as a group of inter- 
vlated sciences, and geophysical methods 

just be a synthesis of physical and geological 
ethods. For if it is detached from geology, 
ophysics cannot provide anything but a static 
scription of the structure of the globe, i.e. , 
isimple description although one cloaked in 
'ysical-mathematical form. 


| The close association between geochemistry 
id geology is much more obvious and undis- 
jited. Therefore there is no need to dwell on the 
oof of it in so much detail, and we will make 
ily a few brief comments. If we exclude the 
W, very general laws governing the material 
mmposition of the earth directly implied by the 
Tucture of atoms and ions, all of the remain- 
g problems of geochemistry can be resolved 

|. an equal extent by chemical and geological 
ethods proper. It is precisely this synthesis 
fat is the characteristic feature of geochemi- 
il study and makes it different from chemistry. 


| Furthermore, geological methods are very 
ten of decisive importance to geochemical 
foblems. After all, we can only know the 

ws of migration, paragenetic combination 

id concentration of chemical elements in the 
rth by knowing the physics and chemistry of 
ich category of geological processes, such as 
2athering, diagenesis, metasomatism, meta- 
‘orphism, magmatism, etc. We have already 
en above that the actual classification of these 
‘ocesses is possible only by using broad, gen- 
-al-geological methods. It is especially geo- 
ical methods which enable us to distinguish 
etween the results of these processes oc- 
nxring in the past and preserved in the bowels 
i the earth in the form of rocks, minerals and 
wtural associations. Hence fruitful geochemi- 
11 research enabling us to establish the 

yecific laws of evolution of terrestrial matter 

_ possible only as an integral part of general- 
nological research. Methods of facies 

halysis, paleogeography, magmatic petro- 
Vaphy, tectonics, etc., are not so important 

3 chemical and physical-chemical methods 
‘oper. And the point, of course, is not who 
its them into practice, whether the geochemist 
| the geologist; but that the results are utilized 
rthe geochemist. No matter how this prob- 
m is solved, geology continues to be the main 
liar of support, and loss of contact with it 
evitably results in the loss of geochemistyy's 
yn power, just like the legendary Antaeus when 
an away from Mother Earth. 


Thus, geophysical and geochemical methods 
‘ studying the earth may serve as an effective 
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tool for discovering the specific laws of de- 
velopment, first and foremost because they are 
a synthesis between physical and chemical 
methods proper and geological methods. It is 
this fact that makes geophysics and geochemi- 
stry historical sciences in keeping with the sub- 
ject and aim of their study, and at the same 
time determines their separate existence as 
aspects of modern geology, rather than as 
purely armchair physical and chemical disci- 
plines. 


The earth is a single, systematically con- 
structed material system, infinitely more com- 
plex than the fields or elementary particles 
which are encountered in physics and chemistry. 
These forms of the motion of matter are an 
essential precondition for the appearance and 
development of the earth as a-whole and all of 
the particular geological phenomena and proc- 
esses which are inherent in its specific nature. 
Their complex combination which occurs - 
throughout the geological history of the earth 
in different forms gives rise, however, to new 
laws of development of the earth, which do not 
lead directly to the general laws of physics and 
chemistry. Their existence sways us, in B.N. 
Kedrov's opinion [3] toward the fact that the 
community of geological processes and phenom- 
ena forms a special, qualitatively different, 
form of motion of matter, higher with respect 
to physical and chemical forms, the dielectic 
unity of which is its basis. This geological or 
planetary form, as G. L. Pospelov calls it [ 4], 
describes the stage of development of matter 
which is widely represented in the universe by 
planetary bodies and is not limited to the earth 
alone, and therefore takes on great importance 
as one of ‘he fundamental forms of motion along- 
side physical, chemical and biological forms. 
The latter is an offspring of the geological form 
of motion, which serves as a precondition for 
its origin and inevitably gives rise to it under 
certain conditions at a certain stage of evolu- 
tion of the planets. But having once evolved, 
the biological form of matter remains insepar- 
able from geological forms, is part of it and 
becomes one of the geological factors in deter- 
mining the origin of a number of peculiar 
regularities governing their development. 
Hence, from the moment life began on the 
earth, the specific laws of the latter's develop- 
ment express the complex dialectic interaction 
of both the physical and the chemical and bio- 
logical forms of the motion of matter. Natural- 
ly, in order to understand these laws we must 
apply physical, chemical and biological methods 
of study, inseparable from each other and from 
specialized geological methods. It is indeed 
this unity which is becoming an ever more char- 
acteristic feature of present-day geology, and 
one of its manifestations is the birth and de- 
velopment of "borderline" physical, chemical 
and biological-geophysical disciplines. 


The progress in physics and chemistry during 
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the twentieth century had an active effect on 
geology, helping it to get outside of the narrow 
framework of a science of the earth's crust and 
to enter a new stage of development in which it 
gradually changes into a composite science of 
the structure and development of the earth as a 
whole, and of the overall laws of the geological 
form of motion of matter. Geology is gradually 
losing its former countenance as a descriptive 
discipline, having discarded it to a considerable 
extent at the preceding stage of transformation 
into a comparative-historical science. As it 
gradually acquires physical and chemical ideas 
and methods, geology is assuming features 
bringing it closer to these exact sciences. This 
is evidenced, among other ways, in more and 
more extensive use of mathematical apparatus 
for solving geological problems and in the fact 
that number and measure are gradually re- 
placing the former purely qualitative character- 
istics. But this does not take away from geo- 
logy its specific nature, determined by its 
qualitative distinction as a science. The 
historical background of study continues to be 
its principal distinguishing feature, and at the 
same time its importance and the specific 
methods of geology are retained in their en- 
tirety, only the form being changed and the 
content being enriched by the addition of meth- 
ods borrowed from physics and chemistry. 


In order to understand the relationship be- 
tween modern geology and the other natural 
sciences correctly, we should remember, first 
and foremost, that the overlapping of sciences, 
typical of our age, is not a one-sided process. 
This also applies to the invasion of geology by 
physical, chemical and biological ideas and re- 
search methods. This has not only enriched 
geology, but has also had a great effect on the 
development of physics, chemistry and bio- 
logy. Knowledge of the essence and mechanism 
of geological processes which take place slowly, 
Over the course of millions of years, and un- 
fold in conditions differing sharply from those 
reproduced by ordinary laboratory experi- 
ments, enables us to determine physical, 
chemical and biological laws which would other- 
wise have escaped the investigator or be mis- 
understood. Indeed, such an important branch 

‘of physics as crystallography, for example, is 
an offshoot of mineralogy, an inseparable part 
of geological science. It is indeed the study of 
the crystal structure of minerals that made it 
possible to bring to light the internal structure 
of solid matter which then became the basis 
for the present theory of solid state physics. 


Crystallography gave birth to crystallo- 
chemistry, one of the most important branches 
of modern chemistry, which to this very day 
continues to glean new facts from the field of 
mineralogy. 


It is not an exaggeration to say that the 
understanding of many aspects of the brittleness, 
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plasticity and fluidity of solids has been greatly 
furthered by geologists’ observations of rock 
deformation occurring over long periods of time 
under pressures and at temperatures which 
cannot be completely reproduced in laboratories 
even at the present time. There is every rea- 
son to believe that a profound study of tectonic 
deformation can help us to solve many im- 
portant problems of rheology in the future. 

Just as important to chemistry is the study of 
the course and results of the slow processes of 
interaction between the so-called ''weak" chemi- 
cal reagents, examples of which abound in geo- 
logy. Would it really be possible to correctly 
evaluate the chemical part played by water in 
nature, for example, if we did not know about 
the hydrolysis of silicates and alumosilicates 
slowly occurring during the weathering of rocks 
and leading at times to the total decay of ap- 
parently incredibly stable chemical compounds? 
A large part in developing the theory of chemi- 
cal interaction in the solid state is to be played 
by observations which are already commonplace 
in geology. Many examples could be given. As 
for biology, we need only point out the fact that 
the study of the geological history of the organic 
world and its link with the change in habitation 
conditions in the geological past can alone help 
us to cope with a number of cardinal problems 
in the theory of evolution. 


Thus, geology is by no means a passive re- 
cipient of the achievements of the so-called 
"fundamental" sciences and biology, but also is 
an active participant in their own development. 
But in assessing the relative role of all these 
three extensive branches of natural science, 
the specific nature of geology distinguishing it 
sharply from physics and chemistry should be 
kept primarily in mind. 


Physics and chemistry study the relatively 
simple forms of movement of matter, char- 
acterized first and foremost by their uni- 
versality in nature. These forms of movement 
underlie the existence and development of any 
complicated material features and phenomena. 
This is why the laws established by physics and 
chemistry are universal laws of nature, without 
knowledge of which it is not possible to de- 
velop any branch of the natural sciences. From 
This point of view physics and chemistry can 
truly be called the "fundamental" sciences. 
Naturally, their advancement is determined, 
first and foremost, by the possibility of rapid 
progress in the natural sciences as a whole, 
including geology. 


Geology studies the considerably more com- 
plicated form of movement of matter inherent 
in a certain class of large material systems — 
planetary bodies. This form of movement is 
manifested universally in the world, and, in 
the main, is a synthesis of the simpler physi- 
cal and chemical forms of movement from 
which it is derived. Hence the laws established 


y geology do not have as universal an impor- 
ce as those of physics and chemistry, and 
scoveries in geology cannot basically affect 

€ natural sciences as a whole to the same 
xXtent, particularly physics and chemistry, the 
#eductions in which underlie actual geological 
esearch. The effect of geology on the other 
fatural sciences is restricted to more parti- 
fular, sometimes even more substantial 
sspects of their development. 


That is why we cannot expect achievements 

#1 geology which could compare in importance 
fith the revolution in physics during the 
wentieth century. This revolution was brought 
#bout by the cognition of completely new, hither- 
#2 unknown forms of motion of material and the 
74aWws governing them, which have a still more 
yniversal importance than the old laws of 
lassical physics. The discovery of elementary 
Farticles and processes of interaction as well 
*s the mutual transformation of mass and 
nergy, the development of the theory of rela- 
jivity and quantum mechanics heralded the birth 
+f a completely new branch of natural sciences 
sinked to the "classical" physics by little more 
han tradition. Geology studies one specific 
sype of movement of matter and geologists do 
ot aim at going beyond it, at least as long as 
heir sphere of interest is restricted to the 
parth. Hence, revolutions in geology of the 
ame kind as in physics should not be expected. 
‘rom this point of view, we partly agree with 
john Bernal [1], who said that nothing has oc- 
‘urred in the twentieth century which would be 
-eason for a radical reappraisal of the geologi- 
al principles laid down in the nineteenth cen- 
ury. 


_ Nor can we expect a reappraisal of this kind 
in the future, not even in the classical’ realms 
xf physics which have been unaffected by the 
yevolution of the twentieth century. 


But Bernal is wrong when he concludes from 
his that geology has come to a stop and practi- 
tally exhausted its possibilities in the field of 
theory. We have already seen the tremendous 
shanges which have taken place both in its 
methods and in the type of problem with 

which it deals. These changes have meant that 
the old names and terms now possess new con- 
zepts and that the entire content of geology is 
jifferent. And from this point of view, its 
drinciples are by no means unchanged, and it 
1as by no means stagnated as a whole, but, on 
the contrary, is developing more rapidly than 
oefore and without doubt is on the verge of 
zreat, new discoveries. 


The laws established by geology, of course, 
are less universal and therefore not so "funda- 
mental" as those of physics and chemistry. But 
this does not mean that they are of subsidiary 
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importance to mankind. In this respect, the 
position of geology is close to that of biology. 
Biology also studies one of the partial higher 
forms of movement of matter, for the moment 
only known reliably on the earth. Its laws are 
therefore not more universal, but probably 
less so, than those of geology. Nevertheless, 
there is hardly any one who would dispute the 
tremendous importance of the biological sci- 
ences, which are rightly considered the most 
importance branch of the natural sciences. 


Study of the earth is one of the most im- 
portant aspects of cognition of the world and 
one of the ways man can conquer his natural 
environment. Hence the earth sciences have 
always been of both general-theoretical and 
practical importance. And in the future, their 
place, particularly that of geology, will un- 
doubtedly be even more important, for the all- 
embracing use of the natural wealth of the 
world and the reorganization of the very mode 
of habitation on our planet constitutes the basis 
of the development and blossoming of a com- 
munist society. Without knowledge of geo- 
logical laws these ambitious problems cannot 
be solved, and this alone decides their truly 
fundamental importance. 


Furthermore, in this age of the conquest of 
outer space, these laws cease to be merely 
terrestrial ones, for they concern the move- 
ment of matter inherent in the general mani- 
festations of all planets. The forthcoming con- 
quest of other planets is turning geology from a 
narrow "earthly" science to one of cosmic pro- 
portions. It will become the basis of compara- 
tive planetology, which will inevitably pass be- 
yond the initial, astronomical stage and will 
then be able to reveal more universal and funda- 
mental laws of true world importance. Even 
now, geological facts and ideas are beginning 
to play a great part in unravelling the mysteries 
of the structure and history of the moon and 
other planets in the solar system. 


Hence the importance of modern geology, or 
to be more exact, the set of geological sciences 
into which it has been transformed should not be 
underrated. It is not only a very important 
sphere of knowledge from the standpoint of the 
exploitation of the depths of the earth, but is 
also one of the major independent branches of 
theoretical and natural sciences. 


It is indeed now that geology is in a position 
to establish the fundamental laws of the develop- 
ment of the earth through the steady progress 
made by physics and chemistry as the basis 
of all natural sciences. Hence, there is no 
question of stagnation or degradation, but 
rather of a more tempestuous development and 
new and important discoveries accompanying 
it. 
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* The responsible role of science in the ad- 
sacement of Soviet society toward Communism 
¢S given great emphasis at the All-Union Con- 
ence of Scientific Workers, held in Moscow 
ys year. The Conference, which took place 

} the eve of the XXII Communist Party Con- 
ess, marked a new stage in the flourishing of 
jientific research in the U.S.S.R. It showed 
’ high level and success of the determination 
‘resolve problems of great national, economic 
d theoretical importance. 


The part played by the earth sciences — geo- 
ty, petrology, geochemistry and geophysics — 
tour day, during the intensive exploitation of 

> "storehouses" of the earth's crust, is be- 
ming a more and more important one. The 
tredible rate of industrial development re- 
ires the use of ever greater amounts of 

2ctric power and crude ores. At the same 

‘ne it is considered that the easily detected 
posits of ores have been, for the most part, 
scovered and evaluated. This does not mean, 
wever, that the ''storehouses" in the earth's 
lust have run out of ores. In actual fact, 
lience still knows very little of the structure 
‘the earth's crust and the laws which govern 

2 formation and distribution of the most 
luable mineral resources. 


‘In this age of the rapid development of 

viet science, with its fabulous achievements 
ithe conquest of outer space, unravelling of 
2 deepest secrets of the structure of matter, 
d the development of methods for studying 

2 depths of our planet (geophysics) on the 
sis of advances in physics and the tracing of 
2 development of certain elements through 


10 petrograficheskikh issledovaniyakh po prob- 
ne magmatizma v svyazi s glubinnym stroeniem 
nnoy kory i obrazovaniem poleznykh iskopaemykh, 
1, 36-56). 


| *Paper read at a session of the Student Council of 

Institute of the Geology of Ore Deposits, Petro- 
yphy, Mineralogy and Geology of the Academy of 
ences of the U.S.S.R., 29 March 1961. 
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geological time (radiogeology), we are ina 
position to venture into the realm of knowledge 
of the deep-seated structure of the earth's 
crust and the processes occurring within it 
and governing the formation of mineral de- 
posits. 

But the solution of this cardinal problem in 
the natural sciences is possible only by the 
joint efforts of geology, with its extremely 
valuable historical-perceptional method of in- 
vestigation, geophysics and geochemistry, with 
their modern methods. 


The origin of fused silicate masses in the 
earth's crust (magma), the formation of 
igneous rocks fromthem and post-magmatic 
derivatives is an extensive branch of geology- 
petrography. Petrographers at the Institute 
of Geology of Ore Deposits, Petrography, Min- 
eralogy and Geochemistry have put forward the 
following program for the next few years — 
"The laws governing the development of mag- 
matism and their importance in understanding 
the deep structure of the earth's crust and the 
formation of magmatogenic ores". 


The basic trends in this investigation are: 
(a) study of the connection between magmatism 
and endogenic mineralization for the purpose of 
working out a scientific basis for forecasting 
the occurrence of minerals; (b) the genesis of 
igneous rocks and laws governing the develop- 
ment of magmatism in the earth's crust in 
regions with different geotectonic structure; 
(c) magmatism and the deep structure of the 
earth's crust on the basis of study of petro- 
graphic formations and detailed investigation 
of matter, including the physical properties of 
rocks making up magmatic complexes; (d) 
radio-geological study of rocks with a view to 
developing an absolute geochronological scale 
and understanding the specific nature of the 
material composition of rocks by means of iso- 
topes and other contemporary methods aimed 
at tracing the inter-relationships between the 
forming of rocks and derivative post-magmatic 
processes. 


Magmatism and metamorphism are processes 
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of great importance from the point of view of 
applied geology for understanding the struc~ 
ture of the earth's crust and its development. 


Unfortunately, we are not in a position to 
obtain a complete idea of the nature of geo- 
logical processes occurring in the depths of the 
earth's crust. This is due, on the one hand, to 
the laboriousness and the technical difficulty of 
experimental research, and on the other hand, 
to the inadequacy and at times, unsubstantiated, 
interpretation of the available geophysical data. 


In order to confirm our general ideas on the 
laws for the development of magmatism we re- 
quire further study of the natural association 
between igneous rocks — magmatic complexes, 
formations, and provinces, as well as modern 
active volcanic systems — which constitute a 
gigantic laboratory of high-temperature proc- 
esses. 


Two of my articles on the deep-seated struc- 
ture of the earth's crust have recently been 
published [11, 14]. This article gives only the 
more important data on this aspect of the prob- 
lem. 


Since assumptions regarding the composition 
of the mantle and differences between the earth's 
crust on land and under the bottom of oceans 
are often followed prematurely by major geo- 
logical and petrological deductions, we should 
stress once again the importance of a very 
serious approach to the interpretation of geo- 
physical data from the standpoint of geology 
and petrography. 


We still lack enough direct information to 
make valid judgements with regard to the com- 
position and thickness of the earth's crust and 
the top of the underlying mantle, despite the 
fact that the U.S. A. has begun drilling an ex- 
perimental hole through the bottom of the 
Pacific off the coast of Guadalupe. 


I think it would be more to the point to drill 
a number of holes on land in areas where the 
discontinuities inside the crust show appreci- 
able variation in the rate of passage of longi- 
tudinal waves. Discontinuities of this kind, 
which occur at the relatively slight depth of 
6 to 7 km, are known in the Ukrainian crystal 
massif and the Baltic Shield. 


Study of the actual geological formation in 
these velocity zones might explain the difference 
in the velocity of elastic waves at this and still 
deeper levels, including the Mohorovicié dis- 
continuity. Of particular interest are the 
crystalline rocks of the Baltic Shield among 
which some of the oldest formations in the 
Soviet Union — up to three billion years old — 
have been found, and rocks of the eclogitic 
type, that is to say, drusites developed in the 
same area with an age close to two billion 
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years. It is important at the same time to 
stress the fact that the thickness of the crust 
between this point and the Mohorovicié dis- 
continuity is still 40 km. The crust is still 
as thick as this in regions of the young folded 
structures, for example, the Caucasus. 


The earth's crust, that is to say the region | 
of active geological endogenic processes, is 
mosaic in structure and consists mainly of 
silicate rocks extending to a depth of at least 
60 to 70 km (geophysical data for some of the 
mountain ranges). At this depth, there can 
hardly be any stratification in a horizontal 
place of the "granite" or "basalt'' layer type, 
and it cannot exhibit any differences in mate- 
rial composition either in the continental or ths 
ocean regions. 


At the same time it should be said without 
giving into too much detail on the subject, 
that in view of the primeval heating of the eartt 
during the Early Precambrian, there was prob: 
ably differentiation of the material into an uppe 
substantially granite layer, and a lower, more 
basic layer. Later, when the earth was perioc 
cally downwarped to the level of the generation 
of fused material, anatectic magma foci oc- 
curred. Two genetic series of igneous rocks 
are formed in accordance with the magma gen- 
eration level: they are, first, the series as- 
sociated with the basic, deeper rocks, and, 
second, those associated with the higher, gran 
magmas proper. The magmatic differentiatior 
contamination and crystallization differentiatio 
led to the further formation of a variety of 
rocks. Consequently, one of the most impor- 
tant problems in petrography, the answer to 
which is closely linked with understanding of 
the structure and development of the earth's 
crust, is the study of the distribution in time 
and space of natural associations of igneous 
rocks — complexes and formations. 


Without dealing with the petrographic for- 
mations and provinces touched on earlier [14]. 
the importance of a detailed study of magmatic 
formations by all the present-day methods, an 
the reconstruction of the historical develop- 


‘ment of magmatism for certain structural- 


tectonic units on the earth should be taken for 

granted. Comparative analysis of the results 

of a study of this kind would supply the necessé 
basis for conclusions on the deep-seated struc 
ture of the crust and the ancestral magmas. 


In order to understand the structure of the 
earth's crust and the underlying shell, we mus 
study the associations between igneous and 
metamorphic rocks most deeply located as 
regards mode of formation, or the most anciel 
types of the relatively early stage of develop- 
ment of the crust. 


Among such series of rocks, petrographer: 
should note in particular the series including t 
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intrusions of ultrabasic and gabbroid rocks and, 
/ as 1s particularly important, thorough study 
must be made of the metamorphic rocks ac- 

) companying them — eclogites, drusites, and 

| other similar rocks. 


BASIC RESULTS OF PETROGRAPHIC 
SiUDIES INTHE U:S. SOR: 


1. Development of magmatism 


In an article written for the XXI Session of 

f, the International Geological Congress, I summed 
| up the preliminary results of the study of the 

+ evolution of magmatism of a number of folded 

7 regions in the U.S.S.R. [13]. 


The geological history of these regions is 

) complex. The geosynclinal regimes of the state 
} of the earth's crust within the folded regions 
have been replaced on numerous occasions by 

}, platform-state regimes or ones of an inter- 

_ mediate type. 


In the case of the regions under considera- 
} tion (Caucasus, Urals, Transbaikalia and 
| other regions), the following stages in the de- 
velopment of magmatism have been noted: 


1) Geosynclinal proper. This is the stage 
of the formation of the association of basic and 
» acid rocks, principally the sodium type, ap- 
pearing both in effusive and intrusive facies. 

_ The effusive facies develop ophiolitic vol- 

' canism — spilites, diabases, and sodium 

| keratophyres. In the intrusive facies this as- 
| sociation includes gabbro-amphibolites, ultra- 
_basites, plagiogranodiorites (Tonalites), 
spassartites, plagiogranites and sodium 
_alaskites. The formation of the intrusive 

' series is completed by small intrusions of 

' sodium syenites and albitites. Data is ac- 

_ cumulating, which shows that even as specific 
| a group as alkaline rocks, including nepheline 
_syenites, are geologically associated with the 

' final stage of development of this type of mag- 
matism. The specific concentration of the min- 
erals is associated with this as well. 


2) The epigeosynclinal stage of develop- 

) ment of magmatism is characterized by down- 
+ warping to a lesser depth and formation of 
magmatic foci within the sialic shell of the 

- earth's crust. This is the stage of the associ- 
ation of the intrusive facies of grano-diorites 

; and granites of basically potassium composi- 
tion. The more basic members — gabbro- 

- diorites and diorites — are formed through 
local contamination processes of the granite 
magma with assimilated rock. The effusive 

- series of this stage is marked by considerable 
development of the acid effusives (rhyolites and 
_ dacites), which are nevertheless quantitatively 
subordinate to the effusion of andesites and 
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andesite basalts. The periodicity of the renewal 
of the magmatic complexes, including their 
metallogenic features, shows the palingenic 
origin of the corresponding magmatic foci 
through local anatexis of the sialic shell. The 
formation of the intrusive series is completed 
by the introduction of small differentiated in- 
trusions of diorite and granosyenite composition, 
right down to alkaline rock proper, but of an 
essentially potassium type. 


The development of intrusive magmatism, 
both the old and the Mesozoic-Cenozoic mag- 
matism, is accompanied by the formation of 
metasomatic rocks, which are basically 
sodium (albitized) in the case of geosynclinal, 
and potassium microclinal in the case of epi- 
geosynclinal complexes. 


If existing data on the ages of igneous as- 
sociations are compared, a striking fact is that 
the specific series of rocks from different re- 
gions are repeated (without being identical) in 
time, and that those close in age are similar 
in a number of cases, down to small details. 


In particular, the sodium rocks associated 
with ultrabasite intrusions and accompanied by 
a specific concenter of ores are usually typical 
of Caledonian structures for many regions in 
the U.S.S.R. and also other countries (the 
Appalachians in the United States). 


The batholitic massifs of porphyrite-type 
granites (the microclines of which are often 
metasomatic in origin), accompanied by a series 
of granites and alaskites and in their mineral 
concenter are typical of the magmatism of the 
Upper Paleozoic in many folded regions — the 
Caucasus, Altay, Transbaikalia (Daura com- 
plex), Lesser Khingan, and other parts of the 
U.S.S.R. The studies made by J. Lyons of 
the geology of New Hampshire and Vermont [ 28] 
imply that in this region of the Appalachian 
system there is an association of rocks, typical 
of the geosynclinal magmatic complexes proper, 
including ultrabasites and plagiogranites. 
Typical microclinal granite intrusions are 
later occurrences. 


As in the North Caucasus, according to Fair- 
bairn, Penson and Harley [27], on the Atlantic 
coast there are two groups of granites among 
the New Hampshire and Georgia intrusions 
which are differentiated on the basis of the 
absolute age of their micas: one is less than 
400 million years old and more than 300 (i.e. , 
Caledonides with an age of about 350 million 
years) and a second group, whose age is less 
than 300 but more than 250 million years (i.e. , 
Hercynides, about 275 million years old). 


As facts accumulate we observe general 
laws of a planetary order in the relative syn- 
chronous formation of special magmatic com- 
plexes with the specific accompanying 
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mineralization. I made some comments on this 
point in an article written in 1950 [ 2]. 


The repeated association of pyritic deposits 
with Midpaleozoic (Caledonian) complexes of 
effusive series and granitoids of the sodium 
branch, clearly illustrated by the example of 
the Caledonides in Northern Europe (Norway, 
the Urals, Northern Caucasus, and the Ap- 
palachian system in the U.S. A.) shows that 
they are more closely connected than by simple 
territorial continguity. The young (Mesozoic) 
complexes of similar petrographic type are 
also accompanied by pyritic deposits (in parti- 
cular in Transcaucasia). A peculiar type of 
carbonate rare-element deposit is associated 
with ultra-basic and sodium rocks. The min- 
eralization by radioactive elements, which ac- 
companies the Upper Paleozoic magmatic com- 
plexes in Central Europe, the Caucasus and 
Central Asiais also specific. Certain other 
features of similarity will be discussed below 
in connection with the problem of the petro- 
graphic and metallogenic epochs. 


Finally, as I have often pointedout in my 
published work, examples are known of the 
development of petrographic single-type rocks 
of the trachybasalt formation of Tertiary age, 
assigned to similar geologic structures and 
close in age, in such distant regions as the 
Caucasus, Baykal, Egypt and probably the 
Isles of Skye and Mal (Scotland). The alkaline 
rock complex of the Mediterranean province 
(including the leucite rocks) is petrographically 
identical to the Armenian alkaline complex. 


According to Smulikovskiy, the Tertiary 
lavas of Lower Silesia are represented by 
basalts, basanites and nephelinites, and ac- 
cording to Bentor, the Cenozoic hypabyssal in- 
trusions of Northern Israel are represented by 
nepheline-containing rocks. 


Examination of the specific features of mag- 
matism and metallogenesis of the Upper Paleo- 
zoic and Mesocenozoic in different parts of the 
world shows the probability of common evolu- 
tionary laws in the magmatism of the earth's 
crust. 


2. Granite Formations 


V.S. Koptev-Dvornikov and the Kazakhstan 
group of petrographers has made a correla- 
tion summary study of the Paleozoic complexes 
covering a considerable area of Central Kazakh- 
stan; the material is contained in the collection 
"'Petrography of the U.S.S.R.". 


Study of the information obtained by this 
group of authors has enabled them to publish 
theoretical generalizations on the features of 
individual magmatic formations which they have 
differentiated (see 18 — "Granite formations 
at shallow depths"). 
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Developing the views of Levinson-Lessing, 
who, among others, singled out the granite for- 
mation, the authors consider it a good idea to 
divide the formation into two parts: (1) the 
formation of deep-seated intrusions accom- 
panied by highly-developed granitization, con- 
taining virtually no ores; (2) the formation of 
shallower intrusives accompanied by a variety 
of deposits; to the latter type of formation the 
authors assign different-size intrusions to 
several thousand square kilometers of grani- 
toids) which in Central Kazakhstan, the Soviet 
Far East, Central Asia and Transbaykalia, 
solidified, in their opinion, at depths of 0.5 
to 2 km. 


I consider that this latter, extremely im- 
portant geological feature of the formation of 
granite intrusions, when discussing intrusions 
occupying thousands of square kilometers, re- 
quires special proof. 


Modern volcanic regions — which are 
potential areas of intrusive magmatism with 
subsequent denudation — ought to be composed 
in this case of contact-altered rocks. Much 
more feasible at these depths is the formation 
of sub-volcanic bodies and near-surface stocks 
of the porphyritic type. 


The authors point out a remarkable feature 
of granite magmatism appearing in different 
parts of the world: the granite formations are 
formed by a series of intrusive rocks (grano- 
diorites, granites, leucocratic granites and 
alaskite) progressively with time. These 
series were formed in the second tectono- 
magmatic cycles (for example, the Caledonian 
or Hercynian) when the geosynclinal sedimen- 
tary-volcanogenic formations were replaced by 
epicontinental and continental red-colored por- 
phyritic formations composed of dacite and 
rhyolite. This regularity, if somewhat ex- 
panded and improved in accuracy, can be ap- 
plied to magmatic processes in most of the 
mobile belts. The authors do not deal with in- 
trusive magmatism inherent in geosynclinal 
downwarping and represented by ultrabasites, 
gabbroids and granitoids mainly of the sodium 
branch. Spatial coincidence with a porphyritic 
formation, speaking simply, with an effusive 
facies of the same granite magma, is hardly 
possible for intrusives making up large areas. 


The authors raise interesting problems on 
the emplacement of the granite magma — a 
problem of space. They solve it by assuming 
complex interaction between tectonic processes 
and magma energy. The granite process of 
formations of shallow depths splits up into three 
phases — the vein rock phase constituting two 
stages. 


I expressed my own view regarding the prob- | 
lem of lamprophyric vein rocks in:a separate 
publication [8]. It seems to me that there the 
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relationships between the comagmatic basic 
vein rocks with granite intrusions and the rocks 
of the later stage of the granite process — 

) leucocratic and alaskite granites — have not 
been adequately explained. Data recently ob- 
tained on the absolute age of granites and the 
enclosed basic vein rocks confirm my earlier 
conclusions [8]. A very important fact which 
truly helps to solve petrographic problems and 
gives a clue to the connection between ore min- 
€ralization and granite magma is the study, 
stressed by our colleagues, of minerals of the 
intrusive, vein and contact of element admix- 
tures. 


Study of the granite intrusions of Primor'ye, 
Transbaykalia, Kazakhstan, Central Asia, and 
even in the Caucasus and other areas, shows 
that the enrichment by certain ore elements 
and minerals, as compared to the Clarke con- 
stants, and also the presence of concentrations 
from time to time in them of accessory min- 
erals, shows quite clearly that with favorable 
structural conditions there can be a spatial link 
between intrusions of commercially important 
quantities of ores. 


A great deal of material on the distribution 
of a number of admixed elements — tin, lithium, 
zinc, lead, and zirconium, etc., in rocks of 
different stages of granite complexes and of 
different ages, together with a comparison of 
the data with specific ore formations shows both 
the value and need for petrographic-geochemi- 
cal study of igneous rocks, as often stressed 
by Levinson-Lessing, and particulary by 
Lebedev. 


In view of the publication of the basic results 
of study in this field by one of our large groups 
I must disagree with the categorical rejection 
by the authors of the old so-called Rosenbush 
sequence of crystallization of minerals. It can- 
not be considered that the earlier crystalliza- 
| tion of potassium-sodium feldspar and quartz, 

_ compared with biotite, is a phenomenon typical 
of granite rock (of magmatic origin). Such an 
interpretation of the sequence in mineral for- 
mation during the granite process would re- 
quire an explanation of the irreversible rela- 
tionship clearly observed under the micro- 
scope between these minerals and certain data 
on the fusability and crystallization point of 
different minerals, in particular, those dis- 
covered by the experimental research of Wyart 
and Sabatier [31]. 


3. Formations of Basic Rocks 


In the field of study of the regularity of the 
development of formations of basic rocks pre- 
dominantly in platform regions, some of the 
results obtained by a group headed by A. P. 
Lebedev were described in an article he wrote 
for the XXI Session of the International 
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Geological Congress, entitled Features of 
Magmatic Processes and Mineralization Under 
Platform and Ancient Shigld Conditions". 
Lebedev draws attention to the fact that the 
magmatism of the platform and oceanic de- 
pressions have similar features: in both cases 
there is a sharp predominance of basalt magma 
derivative rocks, the source of which is the. 
sima. The differences are due to a consider- 
able extent, according to Lebedev, to the dif- 
ferent levels at which the sima lies. At the 
base of the platform there is usually an ancient 
granite-gneiss foundation with a basement of 
crystalline and metamorphic schists. The 
basic magmas of the Mesozoic and partially of 
Tertiary age (Deccan, India) form fissure-like 
intrusions in the rocks of the basement and 
sills, and sheet intrusions of dolerites, dia- 
bases and gabbroids (traps formation, as they 
are Called) in the upper cover of sedimentary, 
slightly dislocated rocks. All of this shows 
the small role played by sialic matter in the 
upper (granitic) region of the earth's crust for 
geological ages, during which this segment of 
the globe was a platform. This does not pre- 
clude the occurrence of small masses of acid 
differentiates in isolated stages of the forma- 
tion of the trap magmatism of the platform. 


Lebedev is inclined to link the more acid 
tholeiitic magma in the ancient shields with 
deep contamination of basalt magma of the sial, 
giving rise to the geochemical differences in 
the mineralization associated with the platform 
magmatism. 


The magmatic type of mineralization .associa- 
ted with platform magmatism — titano-magnetite 
and copper-nickel mineralization — were deter- 
mined, according to Lebedev, by the specific 
nature of the deep magma which underwent dif- 
ferentiation at the intrusion points. Post- 
magmatic mineralization — magno-magnetite 
deposits — Iceland spar — is due to the specific 
nature of magma in the mode of its crystalli- 
zation in the upper structural stage. 


4. Formations of Alkaline Rocks 


Although alkaline rocks are a highly specific 
and far less common type of rock, their fea- 
tures in common with magmatism as an endo- 
genic process, a legitimate part in which is 
constituted by the development of alkaline and 
sub-alkaline magmas and rocks, are being re- 
vealed more and more clearly. 


Alkaline rocks, differ in composition and 
association with other igneous rocks, and are 
related to formations having an extensive age 
range and occur under different geotectonic 
conditions (platforms, mobile belts, young 
folded structures). 


Accumulated data show that alkaline 
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magmatism is probably a natural link in the 
chain of magmatic processes forming a mate~ 
rial representation of tectonic-magmatic cycles 
in the development of the earth's crust. 


In his report given at the XXI Session of the 
International Geological Congress, O. A. 
Vorob'yev gives a short description of the most 
important regions of development of alkaline 
magmatism. As can be seen from the informa- 
tion he presents, alkaline magmatism is fre- 
quently found within a particular territory, — 
the Urals, the Kola Peninsula, and many other 
regions. 


On the Kola Peninsula, remnants of picrites 
to the phonolites of porphyrites are retained in 
the top of the Devonian, and at the same time 
the intrusions of the central type of iolite- 
melteigite series associated with ultra-basic 
rocks aged 375 to 340 million years, i.e., 
Devonian on the 1960 scale. The nepheline 
syenites from the final stage of alkaline mag- 
matism have intruded to the boundary of the 
Carboniferous -Permian (260 to 280 million 
years). This association of volcanites and 
plutonites in time in the case of a single struc- 
ture is also noted for alkaline magmatism of 
the Devonian and Tertiary period in the Cau- 
casus (Armenia and the North Caucasus). 


Just as important is the closeness in time 
observed between the development of these 
specific igneous formations for distant and 
tectonically differing regions. An illustration 
of this is the different scales of alkaline mag- 
matism of the Devonian period on the Kola 
Peninsula (picrites, phonolites in the effusive 
facies, and iolite-melteigites in the intrusive 
facies) and apparently, the Devonian of the 
Northern Caucasus with its pyroxene sub- 
alkaline and alkaline porphyrites of the Lower 
Devonian and granosyenites of the top of the 
Middle Devonian (absolute age 340 and 325 
million years). 


The alkaline rocks of the Pacific belt — 
Maritime region and Sakhalin have not been 
adequately studied from the point of view of 
age, but inasmuch as they are Mesozoic- 
Cenozoic, they are to some extent the same 
age as the alkaline magmatism of the Cau- 
casus (nepheline syenites of Armenia, 
teschenite-syenite formations in Georgia 
and sub-alkaline gabbroids and trachites 
in the North Caucasus, including the titani- 
ferous-augite gabbroids of the Chaokha 
massif). Consequently, the specific mani- 
festations of magmatism are close in time for 
such distant structures as the Pacific belt and 
the Mediterranean zone. In his report, 
Vorob'yev stressed the idea of two genetic 


series of igneous rocks from the alkaline mag- 
ma. 


1. Associations of alkaline rocks of pre- 
dominantly platform type showing the common 
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origin with the preceding ultra-basic intru- 
sions. 


2. Associations of alkaline rocks which de- 
veloped as the alkalinity progressively increased 
during the evolution of the granite foci in tec- 
tonically active zones (folded areas). 


The geosynclinal series of igneous rocks of 


different ages, as shown by the example of 


certain areas, were undoubtedly completed 

by the associations of alkaline rocks and the 
alkaline metasomatosis processes connected 
with them. In their chemical affinity and geo- 
chemical characteristics, however, these 
associations seem not to be identical, because 
of the downwarping depth of the geosynclines. 


In this respect we need to study the for- 
mations of the alkaline rocks associated (1) with 
the geosynclinal series proper, including ultra- 
basites and granitoids essentially of the sodium 
type and (2) with the granitoid series essentially 
of the potassium type formed in structures 
which seem to have undergone less deep down- 
warping. 


Under platform and naturally more stable 
conditions, the magmas at the deeper levels of 
the earth's crust (at the level where melts are 
generated) are probably primarily ultra-basic 
or perhaps basaltoid, have the needed energy 
reserves and penetrate the upper layers of the 
crust under favorable tectonic conditions. 
Primarily alkali-rich magma could hardly be- 
come contaminated by intruding the sialic shell, 
even during protracted movement to the upper 
structural stages, or could hardly become dif- 
ferentiated at the site of the intrusion, thereby 
forming rocks ranging from ultra-basic to 
nepheline syenites. 


The platform associations of alkaline rocks, 
in the generation of which alkali-earth rocks 
of the sialic crust undoubtedly play a minor 
part (since they are not moved by downwarping 
to the remelting levels — anatexis), differ from 
the alkaline formations of the folded regions in 
the scale of the intermediate granitoid members. 
By dint of the activity and mobility natural to 
alkaline differentiates of the platform as well as 
geosynclinal magmatic series, they are carriers 
in a number of cases and also ore generators, 
particularly rare elements. 


It is a very difficult problem for petro- 
graphers to ascertain the specific composition 
and metallogenic features of alkaline magmas 
of different ages, genetically associated with 
ultrabasic — basaltoid or granite magmas under 
different geostructural conditions. 


We should also stress the importance of 
studying the alkaline formations in understand- 
ing the deep structure of the earth's crust. 
Examples of ultra-basic effusives associated 


qh alkaline-type rocks of Devonian age on the 
1a Peninsula or the alkaline formations of 
tanga (Siberian platform), now known, sug- 
}t that the associations of oceanic rocks were 
ymed in segments of the earth's crust which 
e€ now become continents. 


5. Magmatism and Mineralization 


‘An important problem here is the magmatic 
non-mMmagmatic origin of granitoid rocks the 
ater part of the deep igneous outcrops on 

/ earth's surface at the present time. 


} he problem of granites was discussed at a 
saposium held in Moscow in 1961 on the prob- 
2 of magma and the genesis of igneous rocks. 


‘In the light of data contained in my report 
the symposium on the synchronization of 
fusive and effusive manifestations of Upper 
ss0zoic, Upper Mesozoic and Tertiary granite 
Zmatism and on the geochemically specific 
‘tures of granitoids and their relationship 

il 1 the enclosing rocks accompanied by data 
absolute age, the feasibility of granite mag- 
| and active interaction with the enclosing 

jk is clear. 


/Ustiyev's conclusions and also those of 
idington on plutonic-vulcanic associations 
(more or less the same [ 24, 26]. 


‘At the same time, we should point out that 
recognizing the pre-eminence of magma in 

| formation of granites, we should neverthe- 
is regard a large group of granitoid rocks as 
jerogeneous formations. 


‘Two types of magmatic granites proper 

fe been pointed out: 1) active, relatively 
jn-temperature types with corresponding 
Jnposition and structure of contact neo- 
eses; in this group the mineral phase ratios 
|; almost anchieutectic; 2) relatively low 
yperature granites of an alaskite composition 
ih related quartz, orthoclose and plagioclase 
ios, are almost anchieutectic. 


Furthermore, the latter group is usually 
sociated time-wise with porphyritic, or 
her porphyroblastic, granitoids of meta- 
matic origin, for which the points of their 
ixtz-feldspar composition fall outside the 
tom range on the Tuttle-Bowen triangular 
gram, of the characteristic anchieutectic 
ios of these components. 


Geochemical study of the granites and con- 

t rocks shows that the formation of granites 
aot accompanied by a loss in mineral compo- 
its, such as the radioactive elements, which 
ght have been expected when granite rocks 
re formed during ultra-metamorphism. 

ere is hardly any point at the present time 
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in speaking of one single method of granite for- 
mation. The formation of granites is a hetero- 
geneous process, but the metasomatic granites 
and metasomatized gneisses are a second-order 
phenomenon caused by the evolution of magmatic 
foci, the magma in which it is able to generate 
differentiates of the granite proper and of lower- 
temperature alaskite composition. 


Turning to general problems of metallo- 
genesis as the point of departure in forecasting 
deposits, it should be pointed out that the gen- 
eral principles of the link between endogenic 
mineralization and active magmatism used as a 
basis for elaborating the hydrothermal theory 
of mineralization has been frequently criticized 
from various points of view. Problems of the 
genetic connection between the mineralization 
and specific granite intrusions have been more 
of a subject of controversy than any other 
branch of teaching on the ore deposits, even 
for magmatic specialists. 


If the genetic relationship between contact 
metasomatic (skarns) and many high-tempera- 
ture hydrothermal ore formations and intrus- 
ions is considered proved by magmatic 
specialists, the link between hydrothermal de- 
posits of the lead-zinc or mercury-antimony 
type with certain intrusive cycles or their 
stages is usually difficult to ascertain. 


In considering conditions for endogenic min- 
eralization in the Precambrian, N.G. Sudovikov 
touches on the general problem of the con- 
nection between endogenetic mineralization and 
granite [23]. He feels that the idea of a direct 
link between the deposits and granite intrus- 
ions has been shaken recently by new studies 
showing the only slight mineralizing ability 
or granite magma. 


According to Sudovikov, this stems from the 
now-known fact that granite magma may con- 
tain, in accordance with the mode of formation, 
a very limited number of volatile components 
and is produced by a substratum which before 
being converted into magma experiences changes 
leading to the separation of many ore compo- 
nents. This generalization of absolutely all 
manifestations of granite magmatism is 
repudiated by numerous facts on intrusions 
with which the ore deposits are definitely either 
genetically or paragenetically related. 


Experiments carried out by Goranson and 
Khitarov show that in the granite melt (and 
basalt, too, according to Khitarov), at 900° 
and 3000 kg/cm2 steam pressure, the water 
content is more than 6% (Khitarov) and about 3% 
in the basalts. This indicates a possibility 
that hydrotherms can separate out during 
crystallization of the granite magma. 


With regard to hydrothermal mineralization, 
Sudovikov thinks that a definite part in the 
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migration of ores is played by processes of 
consecutive regional metamorphism and ultra- 


metamorphism. 


Mineralization is characterized by three 
processes: mobilization of the ore matter, its 
transfer and deposition. He regards mobiliza- 
tion from a general standpoint, quoting grani- 
tization specifically as an example (as an 
indicative example! !!). The transition from 
biotite shales and gneisses to leucocratic grani- 
toids is accompanied, in Sudovikov's view, 
both by the separation of iron and magnesium 
(biotite decay) and by the disappearance of a 
large number of elements making up the biotite 
in small quantities and not restrained by the 
quartz lattice or feldspar lattice. 


It should be said in this connection that as 
an illustration Sudovikov takes an extremely 
limited number of granites formed during 
alkaline metasomatosis, and does not mention 
granites formed magmatically. Furthermore, 
the behavior of some elements, for example 
uranium, often conflicts with his statement. 
To support his line of argument, Sudovikov 
quotes data from L. V. Tausen and L. A. 
Kravchenko on the distribution of zinc in quartz 
and in feldspar, on one hand, and in biotite 
granitoids, on the other, purporting to show 
that in certain cases biotite contains ten times 
more zinc than quartz or feldspar; the same 
thing applies to titanium and tin. 


Sudovikov apparently considers this biotite 
to be related to the relict systems, rather than 
granite, which should be proved first; further- 
more, there is need for proof that these ele- 
ments were lost during the transformation of 
schist into granite, i.e., it should have been 
shown that the biotite in the crystalline schists 
contains these elements, and that the granite 
biotite does not. But, first of all, we must find 
out whether the crystalline schists themselves 
are the result of the processing of the roof by 
active granite derivatives; that is to say, to 
solve these problems, too, we must examine 
specific material and prove that the granites 
were produced by low temperature quartz- 
feldspar granitization, while the biotites in the 
crystalline schists were formed through re- 
gional metamorphism and contain all the ele- 
ments, and in large quantities, to boot, which 
are present as well in the granite biotites. At 
the present time there is a lot of information 
supported by radiological studies showing that 
the mica (Bi) in contact aureoles is formed 
during intrusion of the granite magma, and not 
through the preceding metamorphism. Accord- 
ing to Sudovikov, the transfer usually involves 
great difficulty. The mode of transfer, dis- 
tance, mode of migration and reason for the 
transfer are still unexplained. 


He writes that ore deposition is usually ex- 
plained in terms of the ore-forming role 


32 


played by granites. Since it has now been | 
proved, he says, that the granites in this - 
spect are “not guilty", he thinks that the pr 
lem of ore deposition should be reappraises 


From this position, (metamorphism and 
mobilization) he explains all of the princip] 
of hydrothermal ore formation which have 3 
based so far on facts showing the connectio 
between the hydrotherms and active granite 
trusions. 


In the work of our petrographers on the 
problem of the development of scientific ba 
for forecasting the occurrence of commerc: 
minerals, the ideas of Levinson-Lessing, 
Zavaritskiy and Smirnov on the genetic rele 
tionship between magmatic and ore-generat 
processes, are a basic foundation. 


At the first All-Union Petrographic Conf: 
ence held in 1953, I drew attention to some 
portant ideas advanced by Smirnov [21, 22] 
the study of the magmatism of specific ore 
regions and on the hypothesis of the evoluti: 
of magmatic mineralization in terms of tim 
I will deal briefly here with some of the poi 
stemming from specific studies by our petr 
graphers and also with some examples of 
foreign investigations on corresponding pro 
lems. 


A paper by F. Turneaure [ 29] develops 
question of the relationship of metallogenes 
age, igneous rocks and tectonic structures. 
regards the distribution of different ore for 
tions in structurally different regions — sh 
and mobile folded belts. 


As an example, I shall discuss his data | 
the Appalachian system, since the magmati 
and metallogenesis of the Appalachian belt ; 
similar in overall features to the magmatis 
the North Caucasus. 


Within the mobile belt — of the Appalach 
system (from Newfoundland to Alabama), hi 
distinguishes three orogenic periods: (1) 
Taconic-Late Ordovician; (2) Acadian-Late 
Devonian; (3) Appalachian-Late Carbonifer« 
Deformations of other ages have local signi 
cance. The main intrusive activity, with 
manifestation of large granite intrusions, i 
associated with Acadian orogeny in the nort 
part and with Upper Carboniferous (Appalac 
in the southern part. The ultrabasic intrus 
in the Appalachian belt are developed from 
Georgia to Newfoundland. They are consid 
to be Late Ordovician or Late Devonian. 


The northern part of the Appalachian be! 
with the development of Acadian (Late Deve 
folds includes sulphide deposits (particular 
in Southeast Quebec). Lenses and irregula 
bodies of copper and iron sulphides are iml 
in the metamorphozed sedimentary rocks a 


sives. The ore formed later than the meta- 
hism, which is associated with the New 
pshire magmatic series of Post Lower De- 
van age. 


|.ll of these features enable us to compare 
}Jyritic deposits of the Northern Caucasus 
jp and Beskes) with the sulphide deposits 

1¢ Appalachian system. The normal Car- 
j}ferous granites are associated with the 
irrence of gold, tungsten and copper (North 
jolina). The lead-zinc province of the 
thern Appalachians is similar to the Sadon 
ip of polymetallic deposits. In the western 
{ntain systems forming the Pacific belt we 
‘nevadite (Late Jurassic — Early Creta- 
ls) and Laramie (Late Cretaceous — Early 
tiary age) orogeny. 


the resemblance between the magmatism 
metallogenesis of different ages in the 

ile belts of North America and those of the 
) esponding ages in the development of the 
ile belts in the U.S.S.R. stands out even 
‘1a sketchy analysis of the metallogenesis 
ie system. 

the theoretical views held by Turneaure 
\be reduced to the recognition of the associ- 
j1 between ore deposits and igneous rocks. 
| sulphide deposits (copper and iron) are 
/ciated with basic and ultra-basic rocks, 
the lead-zinc deposits are associated with 
( rocks, including the known connection 

) the rhyolites in the silver-tin mines of 
via; generally speaking, Turneaure does 
zo into detail on the question of associ- 

is. In his specialized, but brief review of 
‘celationship between mineralization and 
\itization, he takes into account views ex- 
ised by Sullivan, Baklund and Magnusson, 
Zives no definite opinions himself. 


‘a brief section on metallogenic epochs, 
Jonsiders the views of Schneiderson to be 
julative. As a whole, Turneaure is in- 
2d to combine the ages of "metallization" 
| major events in the history of the earth. 
articular, he considers that the Laramie 
jallogenic epoch occurred in different re- 
during the Tertiary period. 


“rom the example of this article we can 
ithat his general metallogenic developments 
» not gone beyond the bounds of a prelimin- 
interpretation of the most widely known 
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unusual approach to explaining the rela- 
ship between the copper-zinc mineralization 
minor granitoid intrusions of complex 
Position is taken by C. Banks Belt [25] in 
study of a number of features in New 

ico. I will not describe this study in de- 
but will merely say that in the contact 

sole of the Hanover, Magdalena and 
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Lordsbrug intrusions studied by him there are 
deposits of copper and zinc. The Tertiary in- 
trusions were not formed deeper than 3.5 km. 
In order to ascertain their relationship with 
mineralization he considers geological maps of 
intrusives with all vein and enclosing rocks. 
Then, solely for areas occupied by granitoids 
proper, on the basis of systematic sampling he 
produces maps showing isolines of equal ortho- 
clase-plagioclase ratios, the distribution of 
plutonium, copper and zinc in the samples, and 
the degree of alteration of the rocks. When 
these maps are superimposed, the maxima of 
individual processes do not coincide. The 
authors are forced to leave the solution of the 
problem of the removal of zinc and copper to 
the enclosing rocks from intruded montonites 
and tonalites until other features, more favor- 
able for a solution, have been investigated. 
Although he studies the granitoids of the plutons 
having an area up to 2 or 3 km2, Banks Belt does 
not touch on other rocks associated with the_in- 
trusion — lamprophyric dikes, rhyolite dikes, 
etc. Nor has he studied small bodies of 
diorites in the western part of the Hanover 
pluton, although the copper concentration in the 
samples is clearly maximum in the granitoid 
intrusions, just in this marginal area. 


In studying the complex association of rocks 
he uses basically the formally statistical meth- 
od of studying the distribution of different com- 
positions in pluton granitoids proper, without 
special study of the geochemistry of the pluton 
in the light of its evolution with the develop- 
ment of different stages of the intrusive mas- 
sifs. In particular, the dikes do not seem to be 
of interest to the author, and his aim is merely 
to explain the possibility of ore generation by 
the granites themselves. Obviously, without 
study of the preceding diorites and subsequent 
vein granodiorites and lamprophyres the 
statistical distribution of copper and zinc con- 
tent gives an unintelligible picture of the 
genetic relationship between mineralization and 
the frequent manifestations of the granite proc- 
ess which have formed the intrusive complexes 
of New Mexico. 


The great amount of both our own and foreign 
literature on the genetic relationship between 
magmatism and mineralization suggests that 
the views of this problem are basic ones in the 
present day teaching on the genesis of ore de- 
posits and petrology. This cannot be proved, 
however, for all types of ore formation with 
adequate conviction. 


Ore deposits of the Mercury of even the 
veined lead-zine type are usually located some 
distance from the generating magmatic sources, 
and the general geological environs and geo- 
chemical study alone enable us to put forward 
any convincing arguments. 


The example of the North Caucasus 
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emphasizes the genetic relationship between 
mercury mineralization and the Cretaceous 
magmatic complex of sub-alkaline rocks [15]. 


With regard to a large number of copper - 
pyrite deposits, most geologists agree with the 
genetic relationship between this type of min- 


eralization and magmatism, although they differ 


in their approach to it. Some consider them as 
deposits genetically or paragenetically associ- 
ated with sub-intrusive formations, while 
others stand by the volcanogenic-exhalation 
hypothesis. 


Of late a great deal of convincing information 


has been produced with regard to the genetic 
relationships between ore deposits and specific 
granite intrusions. It should not be forgotten 
here that in most cases what we actually call 
an intrusion is only a small area uncovered by 
denudation, of a large granite mass reaching 
to a considerable depth. 


Criteria determining the presence of genetic 
(and partially paragenetic) relationships be- 
tween specific magmatic rocks and ore de- 
posits, as formulated by me in 1950 [3], may 
be based on (1) structural-territorial contiguity 
of magmatic and ore complexes; (2) the proxi- 
mity of age and degree of metamorphism of 
magmatic rocks and ore complexes associated 
with them territorially; (3) the specific nature 
of the composition of magmatic rocks (acces- 
sory minerals and elements) similar to that of 
ore formations and vice versa; (4) certain rela- 
tionships between different types of minerali- 
zation and igneous rocks (keeping in mind the 
mode of occurrence and distance from the in- 
trusions). 


Using the Voznesensk granites as an ex- 
ample, M.G. Rub has shown the genetic 
relationship between them and tin and rare 
element deposits. In her studies of this sub- 
ject she gives particularly convincing geo- 
chemical data showing the accumulation of 
specific elements in the rock-forming minerals 
in the granites; for example, tin in the biotites. 
The same thing applies to the commonplace 
nature of such elements as rubidium, lithium, 
beryllium, thorium, etc. In her geochemical 
study of parent rock, she has come to interest- 
ing conclusions showing that the predominant 
amount of elements with a "mining" importance 
were introduced in the enclosing rock by active 
intrusions. In turn, the magma reacted with 
the enclosing rock, borrowing fromit small 
quantities of elements alien to the normal 
granite magma — vanadium, chromium, cobalt 
and perhaps copper. 


The direct connection between tin deposits 
of the quartz-cassiterite formation and the 
Upper Cretaceous Mar'yan granites, apart 
from other data, is fairly convincingly shown 
by the development of cassiterite in the 
miarolitic cavities in the granites. 
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Favorskaya and Rub, selecting the sub- 
volcanic intrusions of the Far East as an ex- 
ample, link them genetically to the polymeta)i 
(Tetyukhe) cassiterite-sulphide and quartz- 
cassiterite mineralization, substantiating thet 
view with geological, petrographic and geo- 
chemical data. 


In many reports given at two All-Union 
Petrographic Conferences (1955 and 1960) thes 
is indication of the genetic link between min- 
eralization and magmatism illustrated by 
specific examples. 


The genetic relationship between chromiun 
and platinum deposits, on the one hand, and 
ultra-basic rocks on the other is well known 
and completely accepted. A number of rare 
earth elements are genetically related to gran 
magma derivatives, and a still greater variet 
of rare element concentrations is typical of 
alkaline complexes. 


The sum total of the natural phenomena 
studied suggests a genetic or paragenetic rela 
tionship between mineralization and magmatis 
and in many cases that can be proved. But the 
criteria described above are still insufficient 
for forecasting the occurrence of endogenic 
minerals, since they only confirm the relatior 
ship between known deposits and intrusions 
already discovered, although this is also im- 
portant inasmuch as it may have a favorable 
effect on the prospects of developing the given 
region. We know of an interminable number « 
intrusive bodies of varied petrographic compe 
sition, with which ore deposits are not associ 
ated. The task facing petrographers, there- 
fore, is made more difficult since it requires 
elaboration of petrographic criteria for pros- 
pecting hidden deposits. 


If we take the point of view that the known 
ore-bearing nature of certain intrusions is du 
to the so-called specialization of magmas, thi 
means, basically speaking, rejecting the con- 
nection between mineralization and magmatistr 
This stems from the fact that by rejecting ore 
contamination at the site of intrusions, with 
which many petrographers agree, we transfer 
the cause of "specialization", that is to say th 
ore-bearing nature of the intrusions, to the ul 
known depths of depth of occurrence of anatec' 
magma foci, taking for granted that there is o 
contamination of the granite magma by the en: 
closing rock, but that it occurs at deeper leve 
of the earth's crust. 


This postulate, which is easy to accept, is 
not satisfactory to us since the empirically di 
covered stanniferousness of many regions of t 
Soviet East provides no clue to an understandi 
of the absence of tin deposits in the Urals, 
Altay, Central Asia and the Caucasus. 


A very possible reason may be that the 


/;-bearing nature of granite magma of a def- 
-e geostructural unit in the earth's crust is 
) extensives but it is not out of the question 
\t the potentially ore-bearing magmas were 
alized in less favorable conditions or dif- 
‘ed from each other in specific features of 
}nposition which did not favor concentration 
ethe separation of particular ore components. 
S possible that during the crystallization of 
/ Magma and its derivatives there are 
suliar catalysts at work, so far undetected. 
‘S$ quite natural that a certain part is played 
the environs of the site of the intrusion. 


Studies made by many of our petrographers 
»w the empirical nature of the content of 
messory minerals and accessory elements 
igneous rocks in magmatic complexes with 
fich mineralization is genetically associated. 
V. Rabinovich, considers, on the contrary, 
t the ore-bearing magmatic complexes do 
contain an increased amount of the ele- 
ents forming ore deposits (papers of Second 
‘rographic Conference, 1960). 


(This means that for the moment we should 

| make the relationships between minerali- 
ion and magmatism, discovered for a single 
wion, or the justification for them, a general 
ncipal. 


il would like to make some very general 
mments regarding the empirically dis- 
vered laws governing endogenic deposits in 
ir genetic relationship to certain stages of 
Ngmatic development. First of all, asis 
yplied by what has been said above, the de- 
‘opment of magmatism in geosynclinal re- 

ms results in the formation of two different 
es of magmatic series: (a) a series forming 
ra-basic rocks, gabbroid, paleogranodiorites 
i giogranites and potassium-sodium alaskites 
}sically sodium), and pegmatites. Under 
‘orable structural conditions, development of 
"se series is completed by alkaline formation; 
'a series forming batholitic intrusions of 
anodiorites, granites, alaskites, excluding 

» ultra-basic and gabbroid members of the 
cies, but also completed under favorable 
*uctural conditions by the intrusion of 

‘aline complexes differing from alkaline rocks 
the previous type. 


The origin of the foci of the primeval mag- 
is for these types of series takes place at dif- 
rent levels of the downwarping of the earth's 


ist. 


‘The relegation of sources of the two types to 
ferent downwarping levels is logical from the 
mnt of view of the idea entertained by many 
ientists of the primary differentiation of 

itter into shells having different compositions. 
re the problem of ancestral magmas is 

ysely linked with the deep structure of the 
rth's crust. 


? 
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For the moment we do not know the true 
thicknesses of the shells on the surface of our 
planet, but they can hardly be reckoned in single 
kilometers. They are more likely tens of kilo- 
meters thick. 


The different types of magmatic series are 
associated as well with different types of ore 
deposits, but differently aged, though single- 
type series naturally have specific features. 
For example, pyritic ores associated with the 
sub-intrusive bodies of the Caledonian series 
are encountered in many corresponding struc- 
tures of this age all over the earth. At the 
same time, the pyritic ores associated with the 
magmatic series of this type, but Mesozoic, 
also have their own features. I mean by this 
the pyrites of the Caledonides in the North 
Caucasus and the Allaverdi Mesozoic pyrites. 


Hercynian intrusions of magmatic granites 
proper (non-microclinized) are accompanied by 
rather small, through appreciable, deposits of 
tungsten, tin, radioactive (basically uranium! ) 
and rare-earth elements (often the yttrium 
group). This specific mineralization is found 
naturally in the Hercynides of Siberia, the 
Caucasus, Europe and North America (Appala- 
chian system). The strong Mesozoic -Cenozoic 
magmatism of the eastern region of Asia has 
produced very important deposits of tin. 


V. L. Barsukov [16] considers that the 
granite massifs which have no tin mineralization 
contain 3 to5 g/t tin, which corresponds to the 
normal amount in Clark units. The mineral 
concentrate for tin is biotite. In stanniferous 
granites, the tin content in the biotite ranges 
from 80 to 100 g/t to 300 to 400 g/t, but does 
not exceed 30 to 50 g/t in the non-stanniferous 
granites. I should say, however, that this may 
be true as regards the potential ore content, but 
if we compare the tin-bearing granitoids of the 
Amur region with the Mesozoic-Cenozoic 
granitoids of the Northern Caucasus, for the 
moment 'non-stanniferous", we see that their 
geochemistry is similar. There is reason to 
believe that the Cretaceous granitoids in many 
regions are potentially ore-bearing in nature, 
but that the deposits have not yet been found, or 
that, apart from potential ore-content, other 
conditions are needed to form the deposits. 


Keeping to these very general data, I would 
like to stress that magmatism and the associ- 
ated orogenesis are an indication of endogenic 
processes inside the earth's crust, and, like 
any geological phenomenon, these processes 
have a development, and therefore a history, 
with specific stages. This gave rise to the 
motion of petrographic and metallogenic ages 
which I expressed a long time ago, in agree- 
ment with D.V Tirrel, V.A. Obruchev, and to 
some extent, S.S. Smirnov. This idea cannot 
be disregarded in working out a scientific basis 
for forecasting minerals. 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. : 
| 


The geochemical study of intrusions, their 
contacts and the derivative intrusions of dif- 
ferent ages, shapes, degree of denudation and 
facies will definitely help to find petrographic 
criteria for the forecasts. The study should 
be aimed at working out a program both for in- 
trusions associated with ore deposits and for 
intrusions which for the moment are not 
associated with them. 


I should say that the latter depends to a 
tremendous extent on the extent to which the 
territory has been studied. It must be 
remembered that the oreless Caucasus, which 
has been studied for more than 100 years, has 
revealed only the secrets of the Tyrna-Auz, 
Urup and Kyzy] Kol in the course of the last 25 
years. It should be said, for example, that it 
is only over the past year that geologists have 
discovered mercury deposits on the western 
edge of the Northern Caucasus. 


I feel that the view that ail the ore outcrops 
have been discovered is not borne out by 
practice, even in the case of such seemingly 
thoroughly studied regions as the Caucasus. 
What about the mountain systems of Siberia, 
its forest and tundra? We require a great deal 
of effort, new contemporary methods, a good 
geological basis and sound ideas, which as 
far as possible have already been tried out. It 
is only then that we shall be able to provide all 
the minerals required by the national economy 
at a faster rate and with less manpower, money 
and time. 


SPECIAL RESEARCH REQUIRED IN DEALING 
WITH PROBLEM OF MAGMATISM 


A purely geological approach to magmatism, 
which is absolutely essential, must be accom- 
panied by a detailed study of the composition of 
rocks and associated deposits. 


During the present stage of rapid develop- 
ment in the exact sciences and in engineering, 
for geology as a whole, and for magmatism and 
orogenesis in particular, the incorporation of 
certain modern methods of studying matter in 
its historical light in the activity of petrograph- 
ers is extremely important. By this is meant 
radiogeology, geophysics and exact X-ray- 
optical studies. Particular attention should be 
given to experimental research under condi- 
tions of varying temperatures and pressures 
using volatile matter. 


In order to avoid misunderstandings, I con- 
sider that an obligatory condition for success in 
using the new methods in petrology is their 
application to materials and features alone, re- 
quiring to be studied in a geological-petro- 
graphical respect. In short, a firm geological 
basis must be created for study of any feature, 


for it is only then that investigation, for example 


in the field of radiogeology including studies 
of the abundance of, first and foremost, pot 
sium, argon, uranium, lead, and strontiurn 
topes, will be of any value. 


In particular isotopic investigation to dis 
cover the location and ratio of these isotope) 
the mineral phases, enables us to trace the « 
velopment of minerals (their genesis and alé 
tion with time), thus forming a basis for una 
standing the genesis of rocks and associatec: 
ores, and geological modification over a lon 
period of time. 


Radiogeologic studies cannot be detached 
from the history of the development of the r 
to which it is applied. 


Apart from laboratory study of absolute a 
we must develop methodological research to 
crease the sensitivity and accuracy of methc 
Then we shall be able to learn the sequence 
the development of processes in rocks with 
greater certainty, and this will help us to ur 
stand contact processes, metasomatism, an 
the time and place of the emission of volatil: 
and ore components; it will also enable us tc 
gain a better idea of the development of rock 
a whole. Three methods can be used for thi 
purpose: the potassium-argon, uranium-iea: 
and rubidium-strontium methods. Discover 
the age position of igneous rocks and associ: 
ores is essential for a correct understandin; 
of the development and relationship of rocks 
and deposits, that is to say, it is one of the 
fundamentals for scientific forecasting. 


It is very important to combine study of 
the evolution of isotopes of minerals with de 
tailed, optical-X-ray structural study of bio 
tites and feldspars so as to explain the struc 
tural and material changes in rock-forming 
minerals. There is a great deal of study of 
prospecting nature to be done. 


In recent time we have been able to accur 
late more and more data on structural modi! 
cations of minerals. This applies to the so- 
called "ordering" of the crystal structure in 
many of them. A good example of different 
degrees of "ordering" are sanidines and mic 
clines. 


Whether or not the process occurs in tim 
from the disordered to the ordered state or 
whether under certain conditions the minera 
may crystallize as ordered modifications, Vv 
in other conditions they crystallize as "dis- 
ordered" modifications are problems which, 
when solved, will enable us to study genetic 
petrology more confidently. 


There is no doubt that all the transforma 
tions in the crystal lattice of a mineral whic 
show up in the optical and chemical composi 
tion, and in the variations in the planar dist 


lve geological events, and an understanding 
fem by means of isotopic or optical and 
“y-structural analysis will bring us much 
er the solution of general petrological 
ems. It is vital for scientific research 
utions engaged in the study of the earth's 
and the rocks composing it to study the 


ical properties of rocks and rock-forming 


{ 


Prals, including the magnetic state, elec- 
1 conductivity and elastic properties. 


Vithout a systematic study of these constant 
2s, no interpretation of data from geophysi- 
jstudies will be as valid or thorough as it 

| 1d be at present, or as it should be in view 
© great amount of money being spent on 
shysical research. A great deal-of publi- 
zhas been given to the program in this field 
jstudy of the depths of the earth's crust, in 
jicular, the organization of experimental 
"arch on the elastic properties of different 
'S, including the densest variety of eclogites. 
(1 merely add that it is advisable to expand 
'GEM research projects, since stone mate- 
ican be studied at the Institute from all 

sts of view. 


gh-speed and micro-methods of determin- 
vhe majority of elements with the required 
siracy, including the ones disseminated in 
femely small quantities, may reveal geo- 
‘nical traces enabling us to make deductions 
»rding the development of magmatic proc- 
bs and associated mineralization, as well 
je genesis of igneous and metamorphous 

<8. 


‘mong these investigations is a more 
jough understanding of accessory minerals, 
articular, methods of separating them. 


“he ever increasing importance of new geo- 
lal methods at times gives some scientists 
son to think that present-day petrology can 
dvanced only by experiments on and study 
atural rocks in the laboratory. I think all 
experimental possibilities are still limited, 
‘pared to the variety and duration of proc- 
*s which have occurred and are occurring 
1e tremendous laboratory of the earth's 

st, that observation of events in nature on 
spot should not only be not discontinued, 
expanded in every way and that the investi- 
x should be given full opportunity for an 
xctive examination of the phenomena. 


n addition to the development of research 

ig these lines, at the present time we must 
at something which so far petrographers 

2 not bothered about — the discovery of new 
»s of crude minerals. Rocks usually contain 
rge number of valuable elements in dis- 
‘inated form. Ina number of cases the rocks 
heir variation products (weathering crust, 
vial deposits, loose tuff) are already the 
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subject of study and processing for industrial 
purposes. 


In view of the increasing amount of raw mate- 
rial required for the national economy, it 
seems to me that it is essential to outline 
prospects for the use of derivative ultra-basic 
rocks (list varieties, etc.) as possible sources 
of nickel, chromium and other elements. This 
approach to rocks as the ore of the future ap- 
plies in particular to the alkaline complexes and 
certain derivative granite magmas and effusions 
which, given the new technological methods, will 
most likely be profitable sources of beryllium, 
lithium and other rare elements. The same 
thing can be said of titanium, niobium, tantalum 
and, last but not least, radioactive minerals as 
potential material for power engineering in the 
future. Our task is to bring to light as soon as 
possible, even if only the empirical laws govern- 
ing the accumulation of increased concentrations 
in different rocks of such vital elements as 
uranium, thorium, lithium, beryllium, tantalum, 
titanium, the rare earths and certain others on 
the basis of composite study of magmatism. 


In conclusion I should stress that if petro- 
graphers are to solve the problems facing them 
successfully, they must: 


1. Develop and step-up in every way isotope 
research (on potassium, argon, uranium, lead, 
thorium, rubidium and strontium) required for 
(a) shedding light on the sequence of all-geo- 
logical petrogenic and metallogenic processes; 
(b) using the elements as tracers for discover- 
ing migration during metallogenesis associated 
with different processes. 


2. Carry out extensive optical and X-ray- 
optical studies so as to understand better the 
laws governing composition and properties for 
diagnostic purposes and also to study struc- 
tural changes as functions of mode of formation, 
metamorphism and period of existence of min- 
erals. 


3. Organize the study of physical properties 
of rocks — their magnetic receptivity, residual 
magnetism for series of different ages. There 
should also be greater study of elastic properties 
of rocks under different temperatures and pres- 
sures, under water saturation and for rocks of 
different composition and structure. 


4. Give attention to systematizing and 
classifying rocks. At times we do not see the 
forest for the trees; sometimes different rocks 
are given the same name, or conversely, geneti- 
cally similar rocks are given different names, 
as often happens, for example, when describing 
diabases, lamprophyres and granitoids. 


All of these studies should be based on de- 
tailed field study of natural associations of rocks 
(formation complexes, etc. ) coupled with full 
knowledge of the composition of the rocks. 
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CERTAIN PROBLEMS IN THE METALLOGENY OF GEOSYNCLINES! 


by 


V.I. Smirnov 


In the early ‘twenties of this century a num- 
ber of investigators concerned with regional 
geology pointed out the amazingly uniform 
succession of the complexes of magmatic rocks 
and associated endogenic deposits which ac- 
company the transition of mobile geosynclines 
into relatively stable folded zones. Advantage 
was taken of this peculiarity to characterize 
the metallogeny of geosynclines on the basis of 
their historical and tectonic development. In 
our country especially interesting results in 
this direction were achieved by Yu. A. Bilibin. 
He has developed the general principles of 
metallogenic analysis, and a number of his 
followers applied them to specific metallo- 
genetic provinces within the territory of the 
Soviet Union. It is well known that the general 
evolution pattern of magmatism and of ore- 
formation in the process of transformation of 
geosynclines into consolidated folded zones may 
be broken down into the following stages. 


In the early, purely geosynclinal, stage of 
development, four main complexes of igneous 
rocks and accompanying magmatic deposits 
are formed: firstly, the volcanic complex of 
submarine spilitic-keratophyre and porphyritic 
rocks and their associated pyritic deposits; 
secondly, peridotite intrusions with their 
characteristic typomorphic magmatic de- 
posits of chromites and osmium- and iridium- 
bearing chrome-spinels; thirdly, a complex of 
gabbro-pyroxenite-dunite rocks accompanied 
by magmatic concentrations of titanomagnetites, 
platinum, and palladium; fourthly, the plagio- 
granite and plagiosyenite intrusions of which 
skarn-type iron and copper ore deposits are so 
strikingly characteristic. 


The middle development stage, correspond- 
ing to the period of the main folding phases, is 
marked by the formation of batholithic grani- 
toid masses which usually may be divided into 
two rock groups. The first includes the 


1Nekotorye problemy metallogenii geosinklinaley, 
(pp. 56-71). 
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moderately acidic granites of granodiorite sub- 
formation of the skarn-type deposits of which 
predominantly non-ferrous and rare metals are 
typical; and the second, the normal and ex- 
cessively acid granites of alaskitic subforma- 
tion which are everywhere closely associated 
with pegmatite, greisen, quartz-feldspathic, 
and quartz rare-metal deposits. 


During the last transition stage of the 

mobile folded geosynclinal zone the platform 

is invaded by, so-called, minor intrusions of 
different composition, which are usually ac- 
companied by powerful post-magmatic proc- 
esses which are responsible for the formation 
of various deposits, including very large hydro- 
thermal deposits mainly of sulfidic paragenesis. 


The alternation of these complexes succes- 
sively forming in the cross-section of the fold- 
ed zones, is related to the regional zoning in 
the genetic and compositional distribution of 
various groups of deposits. 


The orderliness and plausibility of the 
briefly outlined pattern of the metallogeny of 
geosynclines have turned many geologists into 
staunch apologists of this theory. However, 
further intensive inquiries into the formation and 
distribution mechanisms of endogenic deposits 
in folded systems revealed with ever growing 
clarity that these regularities reflect only the 
general trend of the processes of the evolution 
of magmatism and ore formation, without dis- 
closing certain, sometimes very important, 
peculiarities in the metallogeny of geosynclines. 
This explains to a considerable extent the recent 
appearance in print of a fairly extensive contro- 
versy over the outlined scheme. Some of the 
views expressed by competent geologists reflect 
well grounded criticism. But there are also 
some hardly convincing statements made by un- 
qualified individuals who are likely to go so far 
as to negate completely the existence of natural 
evolutionin magmatic activity and ore accumu- 
lation in connection with the development of geo- 
synclines. Yet, it suffices only to analyze care- 
fully the formation sequence of igneous rocks 
and endogenic deposits in any geosynclinal sys- 
tem to be convinced that these phenomena 
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actually do follow the described order of suc- 
cession. Like any geologic process which is 
Closely associated with the changing stages of 
lithosphere formation, this sequence is mani- 
fested differently at different formative stages 
in the various regions of the earth's crust, and 
has no universal meaning in this sense. More- 
Over, the described scheme, in itself, does not 
reveal any interrelations between magmatism 
and ore formation in the successive cycles of 
geologic development within one and the same 
minerogenetic province; nor does it indicate 
the general evolution of magmatism and ore 
accumulation in the history of the formation of 
the earth's crust from the ancient to the recent 
stages. Neither does it not permit the geosyn- 
clines to be differentiated according to types 

of magmatism or of ore formation, or determine 
the peculiarities of these processes for the dif- 
ferent structural constituents of folded zones. 


All of these and other features inherent to 
the study of the regional formation and distri- 
bution characteristics of the endogenic de- 
posits of commercial minerals pose difficult 


(problems in the complex sphere of the metallo- 


genic analysis of geosynclines. And yet, they 
have not only a theoretical but also an impor- 
tant practical significance in formulating the 
scientific principles for the preparation of 
estimate and metallogenic maps being compiled 
everywhere in our country. 


This paper discusses the extent of our 
knowledge with respect to some of these aspects 
of metallogenic analysis. The level of our 
knowledge is, apparently, insufficient to un- 
ravel completely the problems at hand and 
merely suggests certain lines for further in- 
vestigations. 


THE POLYCYCLIC CHARACTER, 
HEREDITY, AND METALLOGENIC 
SPECIALIZATION OF MINEROGENETIC 
PROVINCES 


If one is to approach the definition of a min- 
erogenetic province from a broad viewpoint in 
visualizing it as a major folded zone formed 
because of the successive disappearance of geo- 
synclines, then all minerogenetic provinces 
should be considered as polycyclic. This 
means that, within their limits the products of 
magmatic activity manifested during several 
successive cycles of geologic development, 


~ several metallogenetic epochs may be found to 
_occur together over large areas located in the 


same territory. If one is to consider only the 


- decisive metallization epochs, then for the 


territory of our country one should note the 
presence of Mesozoic and Alpine mineralization 
in the far Northeast; that of the Hercynian, 
Mesozoic, and Alpine epochs in the Zabaykal'ye- 
Primory'ye regions; of Caledonian and Hercynian 


epochs in the Urals, Kazakhstan, and Central 


4] 


Asia; of Proterozoic, Sinian, and Caledonian 
epochs, in the Altay-Sayan folded zone; of Cale- 
donian, Hercynian, Mesozoic, and Alpine 
epochs, in the Caucasus 


It is perfectly obvious that in such polycyclic 
provinces there is not merely a repetition of 
the general cycles of magmatism and minerali- 
zation, but a more complex development of 
these phenomena reflecting the general evolution 
of geologic processes from the very ancient to 
the more recent cycles. However, the condi- 
tions and the forms of transition from geosyn- 
Clinal systems of the preceding cycles to the 
subsequent cycles of geologic development are 
known to have been very inadequately studied. 
Most authorities in the field of geotectonics 
agree on only four characteristics of these 
transitions. First, they agree that the geosyn- 
Clines, at least of the Caledonian, Hercynian, 
Cimmerian, and Alpine cycles, developed within 
the confines of one geosynclinal region of the 
earth which has been successively contracted in 
area because of partial loss of mobility and 
partial attachment to the platform; secondly, 
that the complexity of the geosyncline outlines 
increased from the ancient to the younger de- 
velopment cycles; thirdly, that the primary 
geosynclines of the subsequent cycles were em- 
placed over the remnants of the troughs of pre- 
vious cycles and inherited them in their sub- 
sequent development; fourthly, that in this con- 
nection the internal zones of the new geosyn- 
clines usually were shifted away from the 
medial uplifts developed on the sites of the inner 
geosynclinal zones of the preceding development 
cycle. At the same time, the general evolution 
of sedimentation, magmatism, and ore forma- 
tion during the transition from one cycle to 
another within the confines of the same region 
have been very poorly investigated. 


At present, it is very difficult to say anything 
about the qualitative aspect of the changes in 
magmatism during the transition from one de- 
velopment cycle to another. As to the quantita- 
tive aspect, for a number of provinces a gen- 
eral reduction in the volume of magmatic activity 
is to be noted as opposed to the growing scale of 
magmatic ore formation accompanying the 
transition from the preceding to the subsequent 
cycles of geologic development. 


Another important characteristic is the in- 
herited development of the deposits of typomor- 
phic metals in a large number of polycylic 
metallogenetic provinces. For example, typo- 
morphic for the Caucasus are deposits of copper, 
molybdenum, and partly of polymetals occurring 
among the formations of the Caledonian, 
Hercynian, Mesozoic, and Alpine metallogenetic 
epochs; in the Zabaykal'ye-Primorye metalli- 
genetic province, tin deposits which were found 
to be associated with the Pre-Paleozoic, Lower 
Paleozoic Hercynian, Mesozoic, and Alpine 
epochs; in the far northeast, gold and tin 
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deposits related in origin to the Upper Jurassic 
and the younger Upper-Cretaceous — Tertiary 
metallogenetic epochs; and in the Urals, iron 
deposits which literally dominate all magmatic 
processes from the ancient Pre-Paleozoic to the 
Hercynian epoch during which ore formation 
was terminated in this province. The deposits 
of typomorphic metals recur from epoch to 
epoch, not only for the provinces as a whole, 
but also often for their individual zones. 


The repetition of the mineral composition 
of endogenic deposits in most cases cannot be 
attributed to the redeposition of the metallic 
substance from ancient deposits during the 
formation of subsequent younger deposits. Only 
in individual, and probably very rare, cases, 
such redeposition may have taken place as a 
result of the capture of the substance from 
ancestral deposits and its regeneration iin the 
ore showings of subsequent epochs. 


Metallogenic investigations in polycyclic 
minerogenetic provinces in our country, and in 
other parts of the world, show that prevalent 
throughout these territories are different types 
of deposits of definite typomorphic metals 
which confer a specific metallogenic coloration 
to each province. The accumulation of the 
ores of these metals, as stated earlier, con- 
tinues from one epoch to another and attests to 
the lasting geochemical stability of the plutonic 
ore-generating processes in many provinces. 
The clarification of the reasons for such a 
stable specialization in the metallogeny of many 
minerogenetic provinces is a problem of 
primary importance. Its solution will be found 
in working out the intricacies of the general 
problem of geology — the investigation of the 
composition, structure and processes of the 
deep-seated parts of the earth's crust and the 
subcrustal area. 


EVOLUTION OF MAGMATISM AND ORE 
FORMATION FROM ANCIENT TO 
RECENT GEOLOGIC CYCLES 


The territory of our country is remarkable 
from the geological point of view because it en- 
compasses folded zones with igneous rocks and 
endogenic deposits belonging to all cycles in 
the development of the earth's crust. The loca- 
tion of complexes of rocks and ore minerals 
formed during the Archean (or several Archean), 
Proterozoic (or several Proterozoic), Sinian, 
Caledonian, Hercynian, Mesozoic, and Alpine 
geologic cycles, is generally known. 


The Archean epoch is represented by deposits 
of the Pre-Paleozoic platforms and individual 
massifs of the oldest rocks known in the folded 
zones belonging to the more recent cycles of 
development. The most characteristic areas 
of this type are the Baltic and the Ukrainian 
shields of the Russian platform, the Aldan 
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shield, the Anabarskiy massif, the Yenisey up- , 
lift, and the eastern part of Eastern Sayan in 

the Siberian platform. During the formation of 
the Archean, magmatic socks, palingenetic 
processes, highly unfavorable for ore genera- 
tion, predominated. This is the reason that the : 
Archean deposits are mainly metamorphogenetic | 
of the ferruginous quartzite type. Of the mag- 
matic deposits, only the ceramic and micaceous : 
pegmatites are of any importance. 


The Proterozoic and Sinian epochs are still 
undifferentiated metallogenetically. Deposits 
of these epochs are found, first of all, in areas 
where Archean complexes developed and cover- 
ed them in large areas. Secondly, they occur 
in the vast territory occupied by the Baykalian 
Vitim and Stanovik folded complexes. Thirdly, 
they occur in large areas of the Altay-Sayan 
folded zone. Identified for these epochs every- 
where are the older rock groups belonging 
mostly to the gabbro-pyroxene-dunite and 
plagiogranite complex, and the later intrusions 
of acid rocks which may be subdivided into the 
granodioritic phase and the subsequent phase of 
granites and alaskites. The minor intrusions of 
the concluding stage of magmatism in these 
epochs were not identified. The most char- 
acteristic of these are: 1) magmatic deposits 
of basic magma represented by ilmenite- 
magnetitic ores and sulfidic copper-nickel for- 
mations; 2) micaceous pegmatites of acid mag- 
ma; 3) hydrothermal pyritic and auric deposits. 


The Caledonian metallogenic epoch turned out 


to be the concluding epoch for the Altay-Sayan 
folded zone and the forerunner for most of 
Kazakhstan, the northern zones of the Tien- 
Shan and the Western Urals. Endogenous de- 
posits dating back to this epoch occur also in 
the massifs of the ancient folded complexes in 
other, Hercynian and younger, provinces (the 
Caucasus, Transbaykal and Amur districts, 
the far Northeast). Peridotite intrusions are 
poorly developed in the Caledonian provinces. 
Rocks with gabbro-pyroxene-dunite and 
plagiogranitic composition are more abundant. 
Occurring with equal frequency are the 
moderately acid granitoids and acid granites 
which followed them. Minor intrusions of the 
concluding stage in the Caledonian cycle are 
manifested in the form of hypabyssal alkali- 
rock plutons in Eastern Sayan. The time of 
their formation here was not fixed precisely. 
Expecially characteristic for this epoch are: 
1) magmatic ilmenite-magnetite deposits, 2) 
skarn-type iron-ore deposits; 3) various hydro- 
thermal deposits of gold in quartz veins, pyrites, 
and skarns. 


The Hercynian metallogenic epoch is dis- 


tinguished by an unusual variety of intrusive 
complexes, by the diversity and richness of the 
endogenic ore deposits, and stands out con- 
spicuously among the relatively limited types of 
mineralization originated in the preceding and 


jubsequent periods. These deposits are found 
ja the Urals, in Kazakhstan, Central Asia, the’ 
southern part of the Taymyr, in the Tom'- 
|.olyvan' zone, as well as in the Paleozoic 
fassifs in the regions of Mesozoic-Cenozoic 
jolding. 


In conformity with the peculiarities of geo- 
gic development in the individual provinces, 
jne Hercynian epoch is marked by early in- 
scusions of peridotites, gabbro-pyroxenite- 
unites, and plagiogranite-syenites manifested 
tith different degrees of intensity. Traceable 
‘verywhere is the complex of granodioritic 
ocks accompanied by a subsequent complex of 
‘Cid granites. Minor intrusions of the con- 
| luding development stage may be discerned 
istinctly in several places. Significant and 
iversified deposits typify this epoch. They 
Include: 1) magmatic chrome deposits associa- 
ied with the peridotites of the Urals; 2) mag- 
snatic titanomagnetite and platinum deposits 
socated among the rocks of gabbro complex; 

)) skarn-type deposits of iron and copper 
:Ssociated with the plagiogranite-syenite in- 
irusives; 4) skarn-type polymetallic and 
lungsten deposits coinciding with highly-basic 
Mranitoids; 5) pegmatitic, greisen-quartz, and 
juartzitic deposits of tin, tungsten, and 
nolybdenum, originated by intrusions of grani- 
fes and alaskites; 6) hydrothermal, predomi- 
jantly polymetallic and cupric stages of minor 
mtrusions. In addition to these, there are 
1lso Hercynian deposits of the platform de- 
velopment stage, for example, in the Baltic 
shield, which will not be discussed in this 
baper. 


i 


' The Mesozoic metallogenic epoch is ex- 
-eptionally peculiar in so far as magmatic 
evolution is concerned. Here, one observes 
What appears to be a reverse sequence in the 
Jevelopment of the deep-seated magmatic 
complexes and associated deposits. First to 
jevelop in the early stages were the minor 
‘intrusions (for example, the pre-batholithic 
<olyma complex, intruded after them were the 
acid granite rocks, and then the moderately 
acid granitoids, which are particularly well 
jeveloped in the Eastern Transbaykal area. 
Rocks of peridotitic, gabbro, and plagio- 
Zranitic complexes are totally uncharacteristic 
of the Mesozoic epoch.’ Deposits of this epoch 
are found within the limits of the far Northeast, 
she Caucasus, and in the Transbaykal-Amur 
district. The most essential of these are: 1) 
hydrothermal gold deposits associated with the 
early minor intrusions and the most recent 
granitoids; 2) pegmatitic, greisen and quartz 
deposits of tin, tungsten, and other metals 
associated with acidic granite rocks; 3) skarn- 
type and hydrothermal deposits of polymetallic 
ores, copper, arsenic (arsenopyrite), molyb- 
denum, tungsten, and barite, and the con- 
comitant intrusions of moderately acidic grani- 
toids. 
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The Alpine metallogenic epoch is characteri- 
zed by the deposits of the far Northeast, the 
eastern part of the Transbaykal-Amur district, 
the Caucasus, the Carpathians, and the Kopet- 
Dag. No clear-cut and pervasively uniform 
evolution can be noted for this epoch in the 
process of formation of igneous rocks and 
associated endogenic deposits. A few local 
provincial sequential patterns of intrusion by 
magmatic complexes, mostly of granitoid 
rocks, are known. Intrusions of gabbro, and 
particularly peridotite, composition are not 
characteristic, although they are found locally 
(Sevan-Kurdistan zone of the Caucasus). Major 
intrusions of acid rocks are diversified, ir- 
regular, and often incomplete, alternating with 
minor intrusions. Most typical of this epoch 
are various hydrothermal deposits; and skarn- 
type deposits of iron and polymetallic ores also 
occur. 


Thus, while the general evolution pattern of 
magmatism and ore-formation is retained, the 
history of each period shows some specific 
deviations, which make it possible to evaluate 
the different intensities in the formation of 
igneous rock complexes originating in the suc- 
essive stages of the geologic cycle from the 
ancient to the youngest metallogenic epochs 
(Figure 1). This fact, in turn, leads toa 
varying development intensity of the genetic 
types of endogenous deposits for different 
metallogenic epochs (Figure 2). 


A combined analysis of these two develop- 
ment patterns permits a judgement to be passed 
on the evolution tendencies of magmatism and 
magmatogenetic ore formation from the most 
ancient to the most recent stages of develop- 
ment of the earth's crust. It becomes apparent 
thereby that the early stage peridotitic intru- 
sions are poorly manifested in all cycles except 
the Hercynian, and then only in the Ural geo- 
syncline. The intrusives of gabbro-pyroxenite- 
dunite composition and the derivative plagio- 
granite rocks developed in ever-increasing 
proportions from the Proterozoic cycle to the 
Hercynian when this activity diminished rather 
abruptly. The moderately acid granitoid com- 
plex was more or less stable throughout all 
epochs. The alaskitic granites developed at an 
even pace from the very ancient epochs to the 
Mesozoic, but in the Alpine cycle, appreciably 
decreased in volume. Finally, the minor in- 
trusions of the concluding stage of development 
manifested themselves distinctly only with the 
advent of the Hercynian period and were pre- 
dominant in the Alpine epoch. 


The irregularity in the development of mag- 
matic complexes led to irregularities also in the 
formational intensity of various genetic classes 
of ore deposits. Commercial magmatic chromite 
deposits of peridotitic magma are noted only for 
the Hercynian epoch. Magmatic deposits of 
titanomagnetites and the skarn-type iron and 
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Development intensity of the genetic types of endogenic ore 


deposits for various metallogenic epochs 


copper ore deposits formed in ever increasing 
proportions from the Proterozoic through the 
Hercynian epoch. Pegmatitic and greisen- 
quartz deposits belong to the most ancient in 
terms of their origin. However, prior to the 
Hercynian epoch, for the most part they con- 
tained eeupe of ceramic and micaceous mate- 
rials, and deposits of rare metals are associ- 
ated with them only in the Hercynian and Meso- 
zoic epochs. The hydrothermal and skarn- 
type deposits of non-ferrous, rare, and noble 
metals were absent in the Archean, and 
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appeared in minor amounts in the Proterozoic, 
Sinian, and Caledonian epochs, assumed 
vigorous proportions in the Hercynian epoch, 
and in the Mesozoic and Alpine epochs they con 
tinued to occupy a dominant position. 


The general evolution tendency of magmatisr 
and ore formation from the most ancient epochs 
to the recent ones may be reduced to the follow 
ing pattern. From the Proterozoic epoch to the 
Hercynian there appeared well pronounced in- 
trusions and endogenic deposits of the early 


| stage of geosynclinal cycles. In the subsequent 


| tent. From the Hercynian to the Alpine epoch, 
) the role of minor intrusions and the associated 
| postmagmatic deposits of the late stage of geo- 
| synclinal cycles increased in importance. 


i Thus, the Hercynian epoch turned out to be 

| Critical in the general history of magmatism 

| and ore formation. It is distinguishable for the 
extensive development of all igneous rock com- 

plexes and various genetic groups of endogenic 

‘deposits. An important role in the composition 

| of igneous rocks and mineral formations of the 

| preceding epochs is played by the ultra-basic 

| and basic rocks and deposits belonging to the 

| early stages of the geologic cycles. Among 

) the igneous rocks and mineral masses of the 

| subsequent epochs the granitoid rocks with 

associated deposits are clearly predominant. 

| This is, possibly, attributable to the fact that 

‘the development of geosynclines in the early 

| cycles occurred on a relatively thin sialic 

{ shell which covered the basaltic substratum. 

> Later, as the sediments continued to accumu- 

| late, the thickness of the shell has increased, 

| and prevented the penetration of large ultra- 

| basic and basic rock massifs even into the 

‘ downwarping floor of the geosynclines. Of 

course, the outlined theory of the evolution of 

/ Magmatism and ore formation is generalized 

| for the territory of the Soviet Union as a whole. 

| There are substantial deviations from this rule 
' with respect to individual geosynclines. 


GROUPING OF GEOSYNCLINES 
ACCORDING TO THEIR METALLOGENIC 
CHARACTERISTICS 


The development of magmatism and endo- 
genic mineralization in geosynclines, on the 
one hand following a single pattern, and on the 
other in terms of a system permitting dif- 
ferentiation of a definite series of geosynclines 
from other varieties, makes it possible to at- 
tempt their metallogenic grouping. But first 
of all it should be stated that there is no single 
classification of geosynclines suitable for these 
purposes. The well-known classifications of 
K. Schuchert, M. Key, and even that of V.E. 
-Hann's are inadequate in this respect. Conse- 
quently, geologists working in the field of the 

| metallogenic analysis of geosynclines have 

| made several attempts to develop their own sub- 
divisions. Yu.A. Bilibin distinguished the 
‘Uralian, the Far-Eastern, and the West 
European metallogenic types of geosynclines. 
Ye. A. Radkevic identifies the femic and sialic 
zones among the geosynclinal areas. Kh. M. 

. Abdullayev has used the designations, activated 
'geosynclines, polygeosynclines, mobile poly- 

- geosynclines with terminated magmatism, and 
monogeosynclines. 


In an attempt to typify the geosynclines for 
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| epochs they became extinct to a considerable ex- 
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purposes of metallogenic comparison, one 
might resort to a comparative analysis of the 
development peculiarities, structure, mag- 
matism, and endogenic ore content of all linear 
folded zones available for this purpose. An at- 
tempt at such a comparison for the belts of 
folded structures in the U.S. S. R. showed that 
two factors are of the utmost importance for 
the metallogenic classification of geosynclines. 
First, the presence or absence of early mag- 
matism in the geosynclinal development stage, 
which puts an indelible imprint on the entire 
metallogenic aspect of folded zones; second, 
for geosynclines with feeble initial magmatism, 
this is the character of the tectonic develop- 
ment of geosynclinal zones during the period of 
the main folding phases in terms of reversible 
or irreversible transformation of the geosyn- 
Cline into a folded zone. On the basis of these 
criteria it is possible to identify four types of 
geosynclines which will be tentatively designated 
as types A, B, C, and D. 

Type A Geosynclines form folded zones dis- 
tinguished by intensive effusive and intrusive 
magmatism and metallogenic activity in the 
early stage of development. This type includes 
the Hercynian geosyncline of the Urals (Figure 
3). Their geosynclinal bottom is broken down 
into a number of deep-seated trenches separated 
by uplifts. 


In the first stage of geosynclinal development 
stage there was a relatively long period of sub- 
sidence in the trenches. During the second 
stage the bowing for a relatively short period 
of time affected also the space between the geo- 
synclinal trenches. During the middle, folding 
stage of development anticlinoria formed over 
this expanse. These geanticlines separated the 
synclinoria which formed within the limits of 
the geosynclinal trenches. Abundant products 
of early magmatism and metallogeny here 
localized exclusively within the geosynclinal 
trenches and along their boundaries. The 
batholithic granite massifs and the associated 
postmagmatic deposits of the middle develop- 
ment stage, on the contrary, settled in the zones 
of the anticlinoria which separated the volcanic 
synclinoria. A metallogeny of granitoids with 
high basicity and alkalinity usually predominate. 
Minor intrusions of the late development stage 
and its associated postmagmatic deposits are 
not characteristic of such geosynclines. The 
cross-section of such geosynclines is char- 
acterized by well-pronounced regional metallo- 
genic zoning. 


Pyritic and skarn-type early stage iron and 
copper deposits are concentrated in the zones 
of volcanic synclinoria. In the geanticlinal 
zones hydrothermal deposits associated with the 
middle-stage granites are localized. Narrow 
belts of magmatic deposits extend along the 
boundaries of the geanticlinal zones following 
the tectonic fracture zones. These deposits 
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FIGURE 3. Diagram of the evolution of the Uralian Hercynian geosyncline, 


its magmatism and metal logeny 


1] - Accumulation of Early Hercynian volcanic rocks and formation of its associated 


pyritic deposits; 2 - intrusion of the Early Hercynian ultrabasites and basic rocks 
and formation of its associated magmatic deposits of chromium ores, titanomagnetites, 
and platinoids; 3 - intrusion of the Early Hercynian plagiogranites and syenites and 
formation of the associated skarn-type deposits of iron and copper ores; 4 - intru- 


sion of Middle Hercynian granitoids and formation of its associated skarn-type de- 
posits of iron ores, pegmatites, and hydrothermal deposits of gold, arsenic, and 
tungsten ores; 5 - intrusion of the Late Hercynian minor intrusives. The figures in 
the diagram indicate: 1 - pyritic deposits; 2 - magmatic deposits of chrome iron, 
titanium, and platinum; 3 - skarn-type deposits of iron and copper; 4 - pegmatitic 
deposits; 5 - hydrothermal deposits of gold, arsenic, and tungsten; 6 - telethermal 


deposits of lead, zinc, and fluorine. 


were formed by linear intrusions of ultrabasic 
and basic early-stage rocks and coincide to a 
considerable extent with the hydrothermal de- 
posits produced by minor intrusions of the 
late stage. 


Type B Geosynclines are characterized by 


intensive effusive magmatism and the early 
development stage metallogeny. They differ 
from the foregoing type by damped plutonic 
magmatism of these stages and the absence of 
important magmatic deposits. The Hercynian 
geosyncline in the Greater Caucasus is an ex- 
ample of this type. The evolution pattern of an 
open segment of this geosyncline is shown in 
Figure 4. 


Two principal elements of regional 


metallogenic zoning are distinguishable in these 
geosynclines. The first consists of the volcanic 
zones of primary geosynclinal trenches and 
troughs enclosing the effusive pyritic minerali- 
zation. ‘The second contains the granitoid 
zones of the geanticlines which are character- 
ized by a pegmatitic-greisen mineralization 
profile in the inner sections, and by a hydro- 
thermal sulfidic character of ore in the peri- 
pheral parts of the geosynclines. Disrupted 
zones of mixed mineralization marked by negli- 
gible and local magmatic ore showings of the 
early stage and more pronounced late-stage 
deposits occur in the boundary regions between 
the volcanic granitoid belts. 


Type C Geosynclines are responsible for 
folded zones without substantial early magmatis 
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thermal deposits of lead and zinc. 


id metallogeny. The pattern of folding is in- 
2rted. The following geosynclines are ex- 
mples: The Cimmerian East Transbaykal 
20syncline, the Hercynian geosyncline in the 
ien-Shan, and the Hercynian Zaysan geosyn- 
ine in the boundary region between Eastern 
azakhstan and Western Siberia (Figure 5). 


Structurally these geosynclines belong to the 
iassical type having a gentle inner trough in 
ie early stage and its inversion into an axial 
lift during the middle stage of development. 
our distinct inner and peripheral zones may 
2 identified in geosynclines of this type. 
hese zones differ in the composition of bedded 
rmations, their thickness, magmatism, and 
etallogeny. 


The surface and deep-seated magmatism of 
e early stage is sharply reduced in this type 
‘geosyncline. Batholithic magmatism and its 
‘sociated mineralization of the middle stage 
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Diagram of the evolution of a segment of the Greater Caucasus 
Hercynian geosyncline, its magmatism and metal logeny 


] = Accumulation of spilitic keratophyres and formation of its associated pyritic 
deposits, as well as minor ultrabasic and basic intrusions containing manifestations 
of titanium, iron, and nickel ores; 2 - intrusion of granite rocks and formation of 
skarn-type, pegmatitic, greisen, and quartz deposits and ore showings of tungsten, 
molybdenum, tin and arsenic (arsenopyrite); 3 - penetration of minor intrusions and 
formation of its associated lead-zinc deposits. 
1 - pyritic deposits; 2 - pegmatitic, greisen, less frequently skarn and hydro- 
thermal, manifestations of tungsten, tin, molybdenum, arsenic, and gold; 3 - hydro- 


The figures in the diagram indicate; 


developed in full volume. In this process, two 
groups of granitoids were spatially distinctly 
separated. The group of normal and excessively 
acid granites intruded the inner zone central 
uplift forming a well-pronounced median belt of 
pegmatitic, greisen, quartz-feldspathic, and 
quartz deposits. The group of granitoids with 
high basicity and alkalinity was emplaced on the 
limbs of the geosyncline and in its peripheral 
zones, forming symmetrical belts of skarn-type 
and hydrothermal deposits, primarily of sul- 
fidic paragenesis. 


Type D Geosynclines are distinguishable by 
markedly slackened early-stage magmatism 
and metallogeny, and also by the uninverted 
pattern of folding in the middle stage of their 
development (without inversion of the geosyn- 
clinal trough into a median uplift). This type 
includes the geosyncline of Sikhote-Alin' and 
Verkhoyansk belonging to the Pacific belt sys- 
tem (Figure 6). 
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FIGURE 5. Diagram of the evolution of the Zaysana Hercynian geosyncline, 
its magmatism and metal logeny 


1 - Intrusion of the Zmeinogorsk granitoids with high basicity and alkalinity 


and formation of its associated skarn-type 
2 - intrusion of alaskitic granites of the 


iron and copper ore manifestations; 
Kalbinskian complex and formation 


of its associated pegmatitic and greisen deposits of tin, tungsten, and molyb- 
denum ores; 3 - intrusion of the Rudniy-Altayan series of minor porphyric and 
porphyrites and formation of its associated pyritic polymetallic deposits. 

Figures in the diagram indicate: 1 - skarn-type iron and copper deposits; 2 - 


pegmatitic and greisen deposits of tin and 
of lead, zinc, copper, and gold. 


This type of geosyncline usually developed 
according to a pattern inherited from the ante- 
cedent geologic cycles. In the early stage 
median uplifts or stable massifs of ancient 
rocks already existed in the inner zone of these 
geosynclines. The presence of these struc- 
tures made it impossible for the geosyncline to 
develop into a folded zone following the pattern 
involving the inversion of the axial part of the 
geosynclinal floor into a central geanticline. 
The fringe zones of such geosynclines display 
a sharply nonsymmetrical development. The 
zone adjacent to the ancient platform is char- 
caterized by a passive tectonic state, weak 
Magmatism, low ore content, and sometimes 
by early termination of development. Intensive 
tectonic, magmatic and metallogenetic proc- 
esses were concentrated in the opposite fringe 
zone. The early-stage, deep-seated magmatic 
and volcanic processes were manifested in a 
very feeble form, producing no direct effect on 
the metallogeny of these geosynclines. Min- 
eralization resulting from batholithic intrusions 
of the middle-stage granitoids is clearly in- 
ferior in scale to the mineral richness of the 
late-stage minor intrusions. The hypabyssal 
minor intrusions and its associated hydro- 
thermal ore deposition occurred at least twice: 
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tungsten; 3 - hydrothermal deposits 


prior to the injection of the granitoid batho- 
liths and after the batholithic magmatism. T 
regional metallogenic zoning is not distinctly 
discernible in the cross-sections of this type 
geosyncline. 


The characteristic metallogenic features ¢ 
the various types of geosynclines are describ 
in Table 1. 


THE METALLOGENIC CHARACTERISTICS 
OF THE TECTONIC SECTORS IN 
GEOSYNCLINES 


It can now be quite definitely stated that ai 
orderly emplacement of uniform associations 
endogenic deposits of commercial minerals i 
the cross-sections of folded zones is caused | 
the localization of the corresponding magmat 
rock complexes appearing regularly during tl 
transformation of a geosyncline into consolid 
belts. However, this process does not involh 
the geosyncline as a whole, and takes place ¢ 
in strictly defined tectonic sectors of geosyn 
clinal systems. Thus, investigation of the 
metallogenic characteristics of the tectonic 
sectors in a geosyncline becomes a matter 0} 


V.I. SMIRNOV 


Edge of the 
Koly ma 


Verkhoyansk gi fringe zone 
depression) of geosyn- 


/ eescese? ——m—e J 


FIGURE 6, Diagram of the evolution of the Cimmerian Verkhoyansk geosyncline, 
its magmatism and metal logeny 


1 - Intrusion of the minor intrusives of diorite-porphyrites and granite-por- 
phyrites of the Pre-batholithic complex and formation of its associated hydro- 


thermal auriferous deposits; 2 - intrusion of leucocratic Kolyma complex grani- 
tes and formation of its associated pegmatitic and greisen deposits of tin, 
tungsten, and molybdenum ores; 3 - intrusion of the Omsukchansk complex grani- 


toids and formation of its associated hydrothermal deposits of tin, tungsten, 
lead-zinc, arsenic, and cobalt ores. Figures in the diagram indicate: 1 - 
hydrothermal deposits of copper; 2 - greisen deposits of tin, tungsten, and 
molybdenum; 3 - hydrothermal tin, tungsten, lead, zinc, arsenic, and cobalt 


deposits. 
jeat importance. According to the views held and the formation of closely related endogenic 
/ V.V. Belousov, V. A. Nikolayev, A.V. Peyve, deposits. These rocks are average and ex- 
M. Sinitsyn and others the following can be cessively acid alaskitic granites of middle fold- 
Sstinguished: 1) the inner zones, 2) fringe ing stage forming thick zones of rare-metal de- 
mes, 3) geosynclinal trenches; 4) central posits of pegmatitic greisen, and greisen- 
aassifs; 5) the geosynclinal frame structure; quartz origin. 


deep boundary faults. 
The fringe zones do not display such an ex- 


The inner zone is characterized by the deep- tensive and stable degree of downwarping in the 
it downwarping in the early stage and is not early stage as is characteristic of the inner 
dical of all geosynclines. In the type-D geo- sections of geosynclines. They serve as an 
nclines, tectonically stable massifs replace arena for the intrusion of large batholithic 
2inner trough. In the A-type geosynclines it middle-stage granitoid massifs predominantly of 
“complicated by tectonic trenches. Clearly moderately acid composition. Unlike the inner 
onounced inner zones are characteristic of zone, the peripheral parts of the geosynclines 
2 classic geosynclines of type C. It is pre- are not distinguishable for a universally uniform 
sely in them that a well-defined inner trough magmatic-metallogenic characteristic. None- 
velopes in the early stage of geosynclinal the less, they are also peculiarly associated 
rmation. Toward the middle stage this with endogenic deposits represented mainly by 
ough turns into an axial uplift following the skarn-type and hydrothermal ore manifestations 
ttern of complete inversion. of non-ferrous, rare, and noble metals, mostly 

of sulfidic paragenesis. This pattern of mag- 

The inner zones are distinguishable for matism and metallization of the fringe zones is 
fazingly clear and universally uniform mag- often complicated by superposition of late-stage 
atism and metallogeny. Characteristic of magmatism and mineralization. Moreover, the 
ese is a single act of igneous rock intrusion fringe zones in the same geosyncline are rarely 
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Table 1 


Certain Metallogenic Characteristics of Different Types of Geosynclines 


Type of 
geosynclines 


Early stage 


Middle stage 
Late stage 


Very pronounced 


Pronounced 
Indistinct 


DEVELOPMENT STAGES 


Very pronounced 


Sufficiently pro- 
nounced 


Pronounced 
" 


Same 


" 


Cannot be differen 
ated in terms of 
stage types 


CONDITIONS OF GEOSYNCLINE TRANSFORMATION INTO A FOLDED ZONE 


Inversion of the 
middle stages 


EARLY 
STAGE 
Volcanic rocks 
Peridotites and 
gabbro 
Plagiogranites and 
plagiosyenites 
MIDDLE 
STAGE 
With high basicity 
and alkalinity 
Acid (granites) 
LATE 
STAGE 
Minor intrusions of 


different composi- 


tion 


Horizons of magma 
formation 


Thickness of the 
sialic shell 


Early stage 
Middle stage 
Late stage 


EARLY 
STAGE 
Pyritic 
Magmatic 
Skarn-type 
MIDDLE 
STAGE 
Skarn-type 
Pegmatitic and 
greisen-type 
LATE 
STAGE 
Hydrothermal 


Partial inversion of 


the late Flysch 
troughs 


Well developed 
Same 


” 


Developed 


Poorly developed 


Poorly developed 


Partial inversion of 


the late Flysch 
troughs 


Total inversion 


MAGMATIC PROCESSES 


Developed 
Weak 


Developed 


Well developed 


Developed 


Developed 


Weak 


" 


Absent 


Well developed 


Developed 


Well developed 


PROBABLE ZONES OF MAGMATIC FEEDING 


Basaltic stratum 


passing into sialic 


layer 


STRUCTURAL CHARACTERISTICS OF THE EARTH'S CRUST 


Small 


layer 


| Medium 


Intermediate layer 
passing into sialic 


Sialic layer 


Very considerable 


INTENSITY OF MINERALIZATION 


Well developed 
Developed 
Very weak 


Developed 
" 


Manifested 


Absent 
Developed 


"W 


GENETIC TYPES OF DEPOSITS 


Well developed 
Same 


YW 


Well developed 
Not developed 


Developed 
Not developed 
Developed 


Well developed 


Weakly developed 


Same 


50 


Absent 
Absent 


nT 


Well developed 
Developed 


No inversion 


Weak 


W 


Absent 


Developed 


" 


Well developed 


Sialic layer passin 
into basaltic 


Considerable 


Absent 
Developed 
Well developed 


Absent 


't 


" 


Not developed 


"W " 


Well developed 


Type of 
9 geosynclines 


Distinct 
Characterized by 
alternation of 


thegional zoning 


V.I. SMIRNOV 


(Table 1 continued) 


Me eo ane 
REGULARITIES OF DEPOSIT EMPLACEMENT 


Fairly distinct 
Characterized by 


Indistinct 
Metallogenic ore 


Fairly distinct 
Characterized by 


three types of 
zones: 1) vol- 
canic with 

pyritic and skarn- 
type copper and 
iron ore deposits; 
2) ultrabasic and 
basic with mag- 
matic iron, titani- 
um, chrome, 
platinoid ore de- 


alternation of 
two types of 
zones: 1) vol- 
canic with 
pyritic copper, 
and zinc ore de- 
posits; 2) grani- 
toid with hydro- 
thermal deposits 
of copper and 
molybdenum 
ores. 


alternation of 
three types of 
zones: 1) in- 
ternal granitic 
with pegmatic 
and greisen- 
type deposits of 
tin and tungsten 
ores; 2) peri- 
pheral with 
hydrothermal de- 
posits of iron, 


zones with varying 
compositions 
associated with 
magmatic com- 
plexes of the mid- 
dle and late de- 
velopment stages 
and in varying 
degrees over 
lapping each other. 


posits; 3) grani- 
toid with skarn- 
type and hydro- 

] thermal deposits 
Ba of iron, gold, and 
other ores. 


if the same type. Frequently they vary slightly 
ia terms of ore content creating an asymmetric 
attern in the metallogenic zoning of folded 
velts. 


The geosynclinal trenches represent, as it 


'S well known, relatively narrow furrows 
»ounded by major abyssal faults or series of 
aults. In the early stages of geosynclinal 
levelopment the beds of these trenches sub- 
sided steadily along the fractures. This proc- 
*SS was accompanied by the filling of the 
roughs with submarine volcanic-sedimentary 
-ocks. These trenches are characteristic of 
he geosynclines ot type A and B. 


Characteristic of the tectonic trenches are 
wo complexes of magmatic rocks and associ- 
ited endogenic deposits: 1) the volcanic com- 
ylexes are mostly of spilitic-keratophyre com- 
Yosition and contain pyritic deposits, and 2) 
he intrusive plagiogranitic-syenitic complexes 
yelonging to the acid differentiate of basaltic 
nagma are accompanied by skarn-type de- 
Osits of iron and copper ores. 


The Central massifs may contain the min- 
sralization of three different periods: 1) of the 
ntecedent cycles; 2) of the cycle coetaneous 
vith the metallogenic epoch of the folded zone, 
ind 2) superimposed in connection with the re- 
feneration which took place during the 
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gold, non- 
ferrous and rare 
metal ores; 3) 
geosynclinal 
frame with com- 
plex mineraliza- 
tion of the middle, 
and sometimes, 
the late stages of 
development. 
Complicated by 
superposition of 
late-stage min- 
eralization. 


subsequent cycles of development. In analyzing 
the character of the mineralization in the cen- 
tral rock massifs which corresponds to that of 
the enclosing folds, it appears necessary to 
identify two types of massifs. The central of 
the first type are situated in the inner zones of 
geosynclines, while the massifs of the second 
type are enclosed by the geosynclinal ring from 
all sides representing the edge of the closed geo- 
synclines. Typical of the central massifs of the 
first type which form the axial uplifts are ex- 
trusive rocks with pertinent deposits, i.e., 
leucocratic granites with their associated. rare- 
metal pegmatites, greisens, and quartz veins 
containing tin, tungsten, and other rare metals. 
The second-type central massifs have the same 
magmatic and metallogenic features as the geo- 
synclinal frame structures. 


auihie geosynclinal frame of certain folded 


zones, along with the deposits originated in 
the preceding metallogenic epochs, also 
includes deposits characteristic of the geo- 
syncline which is encompassed by the frame. 
Such superimposed mineralization may 
sometimes spread out onto the continent some 
50 to 70 km from the geosyncline boundary. 
The width and intensity of such mineralization 
depends on the intensity of the tectonic and 
magmatic regeneration of the edge portions 
of the geosyncline by the stresses appearing at 
different stages, and their transformation 
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results from the movements occurring in the 
geosyncline. 


On this basis four types of mineralization 
encountered in the geosynclinal frame may be 
identified: 1) the intensively regenerated type 
with manifestations of magmatism and min- 
eralization of all stages known for a given 
geosyncline; 2) the moderately regenerated 
type with manifestations of magmatism and 
mineralization of one of the stages known for 
this geosyncline; 3) feebly regenerated with 
manifestations of telethermal mineralization 
of the late stage; 4) without igneous rocks and 
endogenic deposits. 


Abyssal boundary fauits are known to sepa- 
rate the structure-facies zones in geosyn- 
clines. They determine the sediment thick- 
ness and composition ratio in these zones 
during their formation. The more distinctly 
pronounced deep faults represent fractures 
which delineate the above tectonic elements 
of geosynclines. The boundary faults in pene- 
trating to considerable depth, permit the in- 
trusive rocks to spread out along them in 
causing the formation of the pertinent zones of 
endogenic mineralization. Comparison of the 
magmatism and metallogeny of such zones in 
quite different provinces discloses a very 
curious fact which evidences that their forma- 
tion takes place only at the early and late 
stages of development. This important fea- 
ture corresponds to the conditions of ex- 
pansion prevalent in the early and late stages 
which are separated by compression in the 
middle stage of geosynclinal development. 


At the early stage of geologic development 
intrusions develop along the boundary frac - 
tures of igneous rocks containing peridotite 
and gabbro-pyroxenite-dunite composition, 
forming magmatic deposits of chromite, 
titanomagnetites, and platinoids. At the late 
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stage the deep boundary faults become the 
arena for the minor intrusions responsible 

for hydrothermal deposits. Because of the 
different proportions of early and late stage 
magmatism and mineralization along the 
abyssal faults, mineralized zones of different | 
composition develop. One may distinguish 
among them zones with combined and simple 
composition. It is important to. state, how- 
ever, that very frequently, the mineralized 
zones which originated along the deep boundary 
fractures belong to the simple variety, with 
clear predominance of deposits formed either 
in the early, or in the late stage of developme: 
This is natural, since the intensive developme 
of magmatism and mineralization in the early 
stage damps the magmatic and ore-forming 
processes of the late stage, and vice versa. 


In conclusions, we must still point out the 
fact that some of the materials considered in 
this article for the analysis of certain pecu~ 
liarities relative to the metallogeny of geosyn- 
clines pertain only to the folded zones of the 
U.S.S.R. There is no doubt, that the inclu- 
sion of data on the metallogeny of the folded 
zones in other parts of the world — where thes 
problems, alas, are being studied rather 
sluggishly — may cause the authors to revise, 
and, possibly quite substantially, some of the 
positions taken in this paper. Furthermore, 
this article deals only with certain aspects of 
the broad problem of metallogeny and leaves 
some of its other facets to await future eluci- 
dation. 


Moscow State University 


Received, 20 April 1962 
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The problem of the age of the earth is closely 
ated to the theories of its origin and develop- 
it. A successful solution of this problem is, 
vefore, unthinkable without a complex 

lysis of terrestrial and cosmic matter. Ac- 
ing to the cosmogonic theories, the age of 
earth should be reckoned from the moment 
ts formation as an isolated system. In 
tulating the age of meteorites it is also nec- 
ary to agree on what moment should be con- 
*red as the starting point of their existence. 


+ 


Radioactivity methods are believed at the 
sent time to be the most reliable for absolute 
determinations. Since the rate of radio- 
ve decay is constant in the thermodynamic 
ditions of the earth, the accumulation of its 
yle products may serve as a measure of 

e. To determine the age of the earth or any 
eoric substance one may conveniently use 
‘decay of any natural radioactive element, 
vided its average life is comparable with 
life span of these bodies. 


'n order to relate the age values obtained for 
‘eoric substances to the age of the earth, it 
mandatory that the meteorite and the earth 
ng to the same system. Yet, at the present 
e, certain data have come to hand which 

t doubt on the validity of the above condition 
1 respect to all meteorites without exception. 


| 

THE UPPER AND LOWER LIMITS 
OF THE EARTH'S AGE 
5 he principles of the radioactivity methods 
‘age determinations of the earth and for 
logic formations are identical. However, 
ce is a basic difference between them 
n determining the age of rocks and minerals 
begin the chronology fromthe moment of their 
stallization to the moment of sampling. 


lVozrast meteornykh tel i zemli po radio- 
lvnym dannym, (pp. 72-83). 
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TO RADIOACTIVITY DATA! 


I. Ye. Starik- and Ye. V. Sobotovich 


During this entire period the rocks and minerals 
remain in a solid state, and if secondary proc- 
esses occur they vanish without a trace. In the 
case of the earth, however, we know neither 
the starting moment nor the condition of the 
substance at that time. Consequently, this _ 
matter is hypothetical. Thus, we can speak 
definitely only of the lower age limit of the 
earth which is the age of the oldest sections of 
the earth's crust. This limit is most important 
to the development of geologic concepts. Hence, 
the age determination of the oldest rocks and 
minerals should be the first step in the study of 
the earth's age. 


Today we know of some sections of the 
earth's crust (in Northern Kareliya and in South 
Africa) the age of which is estimated at about 
3.5 billion years. If this is a fairly accurately 
established lower age limit of the earth, then 
its upper age limit can be determined by 
estimating the time of formation of the elements 
in terrestrial matter. Usually this is being 
determined on the basis of hypothetical postu- 
lates according to which the given elements are 
fully radiogenic and the Clarkes of the parent 
and daughter elements are well known to us. 
The first assumption makes it possible to con- 
sider the age to be determined as the upper age 
limit of the elements. However, inadequate 
confidence in the Clarke values of the mother 
and daughter elements can totally distort this 
age limit. 


F. Houtermans [19], on the basis of H. 
Suss' and H. Urey's data [31] has plotted a 
distribution curve of the odd-odd nuclei as a 
function of the mass number. ‘The only isotope 
whose period of half-life is comparable to the 
time of the earth's existence, and which is not 
located on this curve, is K40, It falls below the 
curve since at the present time a considerable 
proportion of it is already in a state of decay. 
On this basis F. Houtermans has calculated the 
time when K40 was still subject to the general 
rules governing the abundance of odd-odd 
nuclei. The result was 4.5 to 5. 3 billion years. 
Similar age computations based on the isotopic 
composition of uranium at the present time and 
at the moment of nuclei synthesis were made by 
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different authors on the assumption that no 
appreciable isotope separation is to be expected 
under natural conditions. The age value amount- 
ed to 4.5 to 6. 6 billion years. V.1. Baranov [1] 
and V. V. Cherdyntsev [9] believe that the age of 
the elements is 5 to 6 billion years. 


THE AGE OF THE EARTH ACCORDING 
TO TERRESTRIAL MATTER 


It is generally assumed that there was a 
negligibly short period of time between the 
moment of the earth's formation and the origina- 
tion of the lithospere, as compared to the life- 
time of our planet. Consequently, the dates 
which characterize these two stages in the 
history of the earth must coincide. However, 
it is difficult to establish the validity of this 
position at the present time. Of the methods of 
determining the earth's upper age limit, the 
radioactive method based on the Pb207/Pb206 
ratio, proposed independently by I. Ye. Starik 
[6] and S. Meyer [ 23] in 1937, is considered 
to be the most reliable at present. 


If one is to assume that lead isotopes having 
masses 207 and 206 are of entirely radioactive 
Origin, then the age of the earth, as calculated 
by I. Ye. Starik, is equal to 5. 0 billion years 
(calculated on the basis of the current value of 
A AcU). 


The question of the origin of various lead 
isotopes was considered debatable for a long 
time. The relatively great abundance of lead 
in the earth's crust inevitably led to the idea that 
most of it is of radioactive origin. However, on 
the basis of the modern theories, it is difficult 
to associate the origin of Pb204 isotope with 
radioactive disintegration. Thus, one must 
recognize that the proportion of non-radioactive 
lead is considerable. A. Nier [25], in deter- 
mining the isotopic composition of lead in 
various types of galena noticed a sharp differ - 
ence in the isotopic composition of lead from 
one sample of galena (Ivigtut) which was char- 
acterized by high abundance of Pb204, Later 
on, the isotopic composition of lead in this 
variety of galena was used by many authors as 
a measure of primeval lead. The first steps in 
this direction were made by E. K. Gerling [4]. 


A study of the isotopic composition of lead 
separated from iron meteorites was of con- 
siderable interest since their uranium and 
thorium content is very small and the admix- 
ture of radiogenic lead should have, conse- 
quently, been negligible. It is true that until 
recently sufficiently accurate data on the con- 
tent of uranium, thorium, and lead in iron 
meteorites was not available. The figures re- 
cently obtained on the lead content in iron 
meteorites (Table 1) show that the earlier 
views were not entirely correct. The pro- 
portion of lead in iron meteorites was assumed 
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to be of the order of 1076 g/g. Meteorites 
having a very low lead content (2- 10-8 g/g) are 
known at the present time, and cases are 
possible where the admixture of radiogenic 
lead may turn out to be comparable in mag- 
nitude to the amount of lead considered as 
primeval. 


On the basis of the presently available data 
on uranium content in iron meteorites (1- 1079 
g/g) [8, 21], it is possible to consider that the 
radiogenic lead content is very low. 


Determinations of the isotopic composition 
of lead separated from a number of iron 
meteorites (Table 1), indicate that there are 
at least two types of lead isotopic composi- 
tions. The first type agrees with the theoreti- 
cal calculations of some authors [14, 19], 
whereas the second type corresponds to ordina: 
lead of terrestrial origin. 


As a result of investigations of iron meteor- 
ites with varying structure — see Table 1 — it 
is possible to arrive at the following conclu~ 
sions [7]. 


1. The 14 tested samples of iron meteorite: 
can be divided into two groups according to the 
isotopic composition of lead contained in them: 
the first (5 meteorites) contains primeval lead; 
the second (9 meteorites) contains ordinary lea 
No intermediate isotopic composition has been 
revealed. These data speak in favor of the ex- 
istence of at least two parent meteoric bodies. 


2. The lead content in the tested meteorites 
differs from sample to sample within limits 
ranging from 2: 10-8 to 4- 1077 g/g, with the 
meteorites displaying a concentration of n: 107 
g/g (6 samples) containing ordinary lead, and 
those with a concentration of n- 1077 g/g (8 
samples) comprising both the primeval and the 
ordinary isotopic compositions of lead. 


3. The distribution of lead in certain 
meteorites (Chinge, Sikhote-Alinskiy, Santa 
Catarina) is uneven, varying within the limits « 
one order. 


4. No definite relationship between the stru 
ture of meteorites and the contents of the iso- 
topic composition of lead is detected. 


5. The lead content in troilites is 1-2 orde: 
higher than in the iron-nickel phase. The iso- 
topic composition of lead contained in troilites 
is analogous to that observed in the iron-nickel 
phase. The troilite-type inclusion in the Bisht 
meteorite is an exception. Here the lead has a 
ordinary composition but contains primeval lea 
in the metallic phase. 


It is quite possible that further analyses ma 
reveal leads with isotopic composition other 
than that identified to date. It is, therefore, 


Meteorite Lead 


Devil's Canyon, coarse-textured 
anatase 

Burgavli, anatase 

Troilite 

Toluka, medium-texture 
anatase 


~) 
= ONR 


Arus, medium- to finely-textured 
anatase 

Troilite 

Bishtyube, coarse-textured 
anatase 

Troilite (?) 

Avgustinovka, anatase, medium- to 
fine-texture 

Henbery, medium -texture 
anatase 

Troilite 


iw) 
OD Ke» 


~ 
oe 


rss 
or = 


Tubil, edium-texture 
anatase 
Santa Catarina, ataxite 
No. 2179 
Santa Catarina, ataxite 
No. 2180* 
surface zone 
central zone 
Boguslavka, hexahedrite 
Gresk, hexahedrite 
Troilite 
Chebankol, octahedrite coarse- 
textured 
Chinge, ataxite 
Sikhote-Alinskiy anatase coarse- 
textured, No. 2052 
ub No. 1653 
Troilite 
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} 
was, therefore, not determined accurately enough. 


mpossible to maintain with absolute certainity 
hat the isotopic composition of lead separated 
rom the meteorites of the Devil's Canyon 

ype [7, 27] is actually primeval lead. Never- 
heless, in the first approximation one may 
issume this composition to represent primeval 
ead. Thus, in calculating the age of the earth, 
illowance may be made for primeval lead, 

jut it is still necessary to find a terrestrial 
Matter suitable for age determinations. An 
erage sample of the earth could serve as 

uch an ideal substance. Yet, such a sample 
s simply inconceivable, since all terrestrial 
patter is sharply differentiated. In calculating 
ge on the basis of radioactive minerals, it is 


Pp. 


10-7 g/g 


| 
' *The batch for the mass-spectrometric analysis amounted to 1° 1076 g of lead and the percentage of P| 
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Table 1 


Lead Content in Iron Meteorites 


Isotopic composition of lead 


206 | 207 | 208 206 206 206 
204 204 -| ua 204 207 | 908 
| 
9.43| 10.58] 29.80] 9.4310.9811 0.316 
9.34 | 10.58] 30.28] 9.3410.887| 0.308 
9.79| 10.68 30.27] 9.7910.917|} 0.323 
9.87] 10.70] 30.36] 9.87|0.914] 0.325 
10.14| 10.97| 30.18] 10.14 | 0.925] 0.336 
10.01 | 10.85] 30.78 | 10.01 | 0.928| 0.395 
9.80| 10.74 | 30.08! 9.80/ 0.913] 0.326 
17.92] 15.47] 38.40 | 17.72| 1.145] 0.461 
16.80| 15.20] 37.30| 16.801 1.105] 0.450 
18.12] 15.72| 38.55 | 18.1211.150| 0.470 
18.41 | 15.78| 39.00| 18.411 1.166] 0.472 
17.49] 15.56] 37.62] 17.49] 1.124] 0.465 
17.99 | 15.67] 38.51117.99| 1.148] 0.467 
16.42| 14.44} 35.04| 16.421 1.1371 0.469 
17.39 | 16.11 | 37.33 | 17.39| 1.407] 0.466 
17.99| 15.84] 38.231 17.9911.136| 0.474 
18.07 | 15.87 | 38.23 | 18.07| 1.138] 0.473 
17.68 | 15.76] 38.49| 17.681 1.122! 0.459 
16.89 | 15.27 | 37.38 | 16.89| 1.1051 0.478 
17.89| 15.84| 38.19| 17.89| 1.1291 0.469 
17.55 | 15.601 37.97| 17.551 1.125] 0.462 
17.60 | 15.76 | 37.88 | 17.60 |1.116| 0.465 


p204 


possible, as mentioned earlier, to determine the 
age only of that mineral which serves as the 
lower age limit of the earth. 


Consequently, only the rocks as a whole, or 
the lead minerals separated from them would be 
suitable for these purposes. There can be no 
assurance in either case that the revealed con- 
tent of primeval lead corresponds to the basic 
magma, since differentiation of the terrestrial 
matter has occurred many times in the history 
of the earth. 


The most closely studied determination of the 
earth's age is based on isotopic lead separated 
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from galenas. In this case it is assumed that 
the lead from galena ores consists of primeval 
and radiogenic lead formed from the parent sub- 
stance prior to the separation of lead as an in- 
dependent mineral. 


Calculations of the earth's age on the basis 
of galena are made with the understanding that 
the Pb/(U + Th) ratio in parent magma is con- 
stant in all cases. This supposition depends to 
a considerable extent on another hypothesis 
concerning the conditions of mineral lead for- 
mation. It appears that for the time being one 
should accept the viewpoint that mineral lead 
was formed directly from magma. 


Most authors calculated the age by mathe- 
matical methods which do not require knowledge 
of the isotopic composition of primeval lead 
[2, 14, 20]. The most commonly used method 
of calculation at the present time is that of iso- 
chrons, but one should bear in mind here that 
its convenience of application does not preclude 
the necessity of observing the conditions under 
which it is operative. The basic condition to 
be considered in using the method of isochrons 
is that the Pb/U ratio in parent magma is the 
same everywhere and that the difference in iso- 
topic compositions of mineral leads is deter - 
mined only by the time of their separation. 

The earth's age may also be computed by 
another mathematical method; for example, by 
extrapolation of the lead isotopic composition 
in the earth's crust down to its original con- 
tent. This method also requires that the iso- 
topes Pb206 and Pb207 (in relation to Pb204) at 
initial time ty should be evenly distributed 
throughout all of the terrestrial matter. 


The ratio of lead isotopes could not be af- 
fected by the chemical and physical processes 
occurring in the earth. It could change only as 


a result of continuous accumulation of radio- 
genic lead. The differentiation processes in 
the earth may have caused fluctuations in the 
Pb/U and Pb/Th ratios in different parts of the 
earth. This may have lead to the fact that the 
isotopic composition of lead in coeval lead ores 
turned out to be different. Consequently, the 
interpretation of the data on the variation of the 
isotopic composition of lead with time in the 
earth's crust is very difficult. Table 2 shows 
the estimates of the earth's age made on the 
basis of the isotopic composition of mineral 
leads. 


All of the resulting values range between 
3.9 to 5.3 billion years. It should be noted 
that the table includes only the age values which 
exceed 3.5 billion years (the age of the most 
ancient sections of the continent). Each author 
interpreted his results differently. This matter, 
however, will not be discussed here since it is 
impossible to solve these questions at present. 


In considering the values incorporated in 
Table 2 it is important to note first of all that 
the spread of the figures is not too great in 
relation to the age of the earth and may be 
attributed to: 1) insufficiently definite initial 
positions on the constancy of Pb/(U + Th) ratio 
in the magma and on the origin of lead ores; 2) 
difficulties encountered in determining the age of 
the investigated lead samples; 3) insufficient 
data analyzed by each author. 


Attempts made by certain authors to more 
closely approximate the correct value of the 
earth's age by more precise mathematical com- 
putations failed to yield positive results, be- 
cause the different methods of mathematical 
calculation differ one from another mainly in 
the convenience of the calculation itself. A 
more accurate age value can be obtained by 


Table 2 


The Age of the Earth According to the Isotopic Composition of Mineral Lead 


Year of 


Author deter - 


billions 


Age, 
Remarks 


mination , of years 


I. Ye. Starik 
Kosci 


G. Jeffries 

R. Alfar and R. Hermann 
A.P. Vinogradov, et al. 
F. Houtermans 

Heiss 

_ Farquhar 

A. Nier, Heiss, Farquhar 
F. Houtermans 
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Age of the Earth 
Ly terrestrial matter 
Earth's crust 
Earth 
Earth's crust 


" " 


Earth 


" 


5.0 
5.33 
4.0 

5.3 
4.9 
4.5 
5.0 
3.9 
4.1 
4.5 


jnore thorough sampling of galena ores and by 


jitudying them thoroughly. 


z The earth's age determinations also may be 
effected on the basis of a radiochemical ana- 
lysis and the isotopic lead composition of 

jocks. The methods of the mathematical pro- 
yessing of experimental data are similar to 
shose used for mineral leads. In the case of 
locks it is necessary to calculate the accumu- 
sation of radiogenic lead resulting from uranium 
ind thorium disintegration in the rocks through- 
ut their lifetime. The age of the magma sub- 
jtance is determined on the basis of the cal- 
‘ulated isotopic composition of primeval lead. 

jf the differentiation of the earth occurred 
»mmoediately after its formation, then the age 
}alues obtained for magma can be identified 
with the age of the earth. Unfortunately, the 
jlata are not sufficient at the present time for 
/oetaneous rocks from different geologic re- 
ions to permit the calculation of time of the 


/ifferentiation with appropriate approximation. 


We shall dwell on the results of a deter- 
‘ination of age relative to the magmatic cham- 
ver of the Terskey Ala-Tau. From the data 
|ontained in Table 3 for ten varieties of grani- 
‘es one can establish the isotopic composition 
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Pb207 /pp206 (the isotopic composition of 
primeval lead is assumed to be constant and, 
consequently, does not affect the slope of the 
isochrons) and corresponds to the age of 3. 1 
billion years. Adding the age of the granite 
matter (500 million years), the age of the mag- 
ma substance appears to be equal to 3. 6 billion 
years. 


The main advantage in utilizing the data on 
rocks, as compared with calculations based on 
mineral leads, for these computations is that 
the rocks, as a rule, are less exposed to any 
secondary processes which alter the isotopic 
composition of lead contained in them. The 
principal shortcoming of this method of age 
calculation is thé inadequate accuracy of ana- 
lytical, uranium and lead determinations. 


An estimation of the age of the earth can be 
made in still another way: on the basis of the 
data on the contents of A40 in the atmosphere 
and of K40 in the lithosphere. K. Chackett 
[15] has postulated that argon has penetrated 
the atmosphere in a period of time from time 
to toty. Beginning with time tj, the earth's 
crust has solidified so much that further argon 
penetration into the atmosphere became inap- 
preciable. In utilizing B. Guettenberg's data 


Table 3 


Uranium and Lead Contents and the Isotopic Composition of Lead in the 
Terskey Ala-Tau Granites 


Isotopic 
omposition 
of lead 

Pb204 _1 


Contents in 


10°? g/g 


Time t million 
years back 


0 | 500 


)|Sample 
u | Pb 


21.16 | 18.02 
16.00 | 15.79 
20.36 | 17.87 
16.00] 15.88 
18.50} 18.22 
15.92] 15.91 
17.89 | 17.69 
15.69 | 15.68 
20.85 | 18.48 
16,08 | 15.94 


206 
207 
206 
207 
206 
207 
206 
207 
206 


4402 | 12.06 
| 4103 | 12.9 
239 | 1.4 
276 | 2.9 
| 4106 | 14.4 


t 


1 


if lead which was a part of the matter of these 
‘ranites 500 million years ago. If one assumes 
hat the magmatic chamber was differentiated 
yrior to the separation of the granite matter, 
hen the isotopic composition of primeval lead 
n various granite samples also turns out to 
rary. The isochron equation calculated by the 
nethod of the least squares is as follows: y = 
1.14 + 0. 257 x. The coefficient 0. 257 corre- 
sponds to the ratio of radiogenic isotopes 
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iS) 


3050 


2813-a 


Isotopic 

Compositio 
of lead 

Ph204 = 1 


Contents in 
10-6 g/g Time t million 


years back 


0 


ample 


18) Pb 500 


20.18 
15.65 
22.45 
16.11 
19.51 
19.35 
15.85 
19.97 
15.00 


16,23 
15.43 
17.17 
15,73 
18.56 
18.91 
15.80 
18.26 
14,87 


206 
207 
206 
207 
206 
206 
207 
206 
207 


14.3 
23.2 


4.0 
3.5 


12.3 


100 


173 
108 


on the content of potassium in the earth's crust 
and those of A. Nier on the abundance of K40 
[25], and assuming the thickness of the 
earth's crust as 4- 10° cm with an average 
density of 3-8 g/cm2, K. Chackett was able 

to calculate tg for two age limit values (2 and 

1 billion years). The limit age values for the 
atmosphere turned out to be equal to 3.5 and 
3.1 billion years respectively. Similar cal- 
culations were made by other authors who used 
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slightly different values of A40 and K40 
abundances and the assumed thickness of the 
earth's crust. The atmosphere's age values 
obtained were close to 4. 5 billion years. 


So far, these data represent all of the possi- 
bilities for estimating the age of the earth 
from studies of terrestrial matter. 


DETERMINATION OF THE AGE OF 
METEORIC BODIES 


The concept of the age of meteorites is rela- 
ted to the accepted theory of their origin, and 
the age values obtained by different methods 
must correspond to different moments in the 
history of the meteorites. 


The history of the existence of meteorites, 
from their inception to the moment they land 
on the earth, could be very complicated. The 
formation of planetary bodies was accompanied 
by heating caused by physico-chemical process- 
es and the decay of short-lived radioactive iso- 
topes. Depending on the dimensions of the 
planetary bodies, their heating could proceed 
with greater or lesser intensity. Consequently, 
the differentiation of the component matter 
could occur at different times. Excess heat, 
it seems, was removed by the ejection of a 
portion of the incandescent matter or by total 
destruction of the body. Subsequently, from 
the products of ejection or destruction, new 
bodies may have formed in which differentiation 
processes could have been possible, etc. The 
earlier the separation of the metallic phase, 
the older the isotopic lead composition should 
be. 


Thus, it is possible to visualize the following 
stages in the history of the existence of 
meteoric matter: 1) origination of the nuclei of 
elements; 2) formation of planetary bodies; 3) 
differentiation of matter; 4) cooling of the 
bodies; 5) disintegration of the parent bodies 
and formation of meteorites. All these stages 
should correspond to definite ages. 


The time of element formation was estimated 
above on the basis of the varying abundance of 
K40 and the isotopic composition of uranium. 

It is also possible to determine the time interval 
between the origination of nuclei and the moment 
when the meteorites or their parent bodies 
cooled sufficiently to be able to retain noble 
gases. For this purpose, the method based on 
the decay of J129 (1.7. 107 years) into stable 

Xe was used. Since all, or almost all, 
Xel29 was lost by the time the Bie aes | body 
solidified, and while a proportion of ji ? was 
still volatile, the present-day content of Xel29 
in meteorites may, to a certain extent, reflect 
the time elapsed between the formation of the 
nuclei and the total decomposition of J For 
example, G.I. Nasserburg and K. Hayden [ 24] 


58 


and J. Reynolds and J. Lipson [ 28] were able 
determine for the Nuovo Laredo and Birdsley 
meteorites that they failed to retain radiogen: 
Xe129 during the first 4. 1- 108 and 4. 7: 10 
years, respectively, following the formation < 
the nuclei. However, thése data are very 
tentative. The authors themselves point to a 
possible experimental error and to inadequat= 
substantiation of the theoretical hypotheses. 


The formation time for planetary bodies 
must, apparently, range within 400 to 500 
million years as having elapsed from the for- 
mation of the nuclei until the differentiation of 
matter in the parent bodies. The moment of 
melting and phase separation of parent bodies 
may be determined by the lead method — 
Pb207 /pp206, 


G. Patterson [ 27] was the first to apply thi 
method to five meteorite samples (achondrite, 
two chondrites, and two iron meteorites: 
Table 4). 


On the assumption that all of these meteori 
belong to the same group, and consequently 
were simultaneously formed from one and the 
same primeval substance, or from the same 
parent body, he plotted an isochron in 
Pb207 /Pb204 coordinates relative to Pb206/Pp< 
In this manner the isotopic ratio of Pb207/Pb2! 
was ascertained in the primeval lead, while tk 
isochron slope corrésponded to the age of the 
meteoric substance. 


Later, I. Ye. Starik, M.M. Shats, and E. V 
Sobotovich [6] obtained data on the content of 
uranium and lead and its isotopic composition 
three chrondites and one achrondite. All of 
these data are incorporated in Table 4. Upon 
the construction of a Pb207/Pb204 graph in rel 
tion to Pb206/Pp204, all meteoric leads (with 1 
exception of that from Norton County) were 
found to be located on a single straight line 
(isochron), the slope of which corresponds to 
the age of 4. 45 + 0.05 billion years. 


R. Marshall [ 22] has shown that two chon- 
drites investigated by him (Holbrook and 
Richardton, Table 4) also fall on this same 
straight line. The isochron equation calculate 
by the method of the least squares for all in- 
vestigated stony meteorites (seven chondrites 
and two achondrites) has the form of y = 
4.7 + 0.60 x, where the coefficient 0. 60 repr 
sents the ratio of radiogenic isotopes 
Pb207 /Ph206 and corresponds to the age of the 
meteoric matter of 4.5 billion years. 


Table 4 contains the age values for stony 
meteorites calculated on the basis of ratios 
Pb206 238, Pb207/U235, and Pb207/Pp206, 

A correction for the isotopic composition of 

primeval lead was introduced on the basis of t 
data on the isotopic composition of lead contai 
ed in the iron meteorite from Devil's Canyon. 


Name of 
Meteorite 


Nuovo Laredo 
Forest City 
Modock 
Saratov 
Kunashak 
Yelenovka 
Norton County 
Richardton 
Holbrook 
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Table 4 


Age of Stony Meteorites 


Isotopic composition 
44 Age, billion years 


of lead Pb2 


34.86 
15.95 
15.76 
16.70 
16.24 
16.94 
15.87 
22.13 
15.52 


The age values of the Nuovo Laredo, Forest 
‘City, and Modok meteorites were computed from 
)the data produced by G. Patterson [ 27] and H. 
*Hamagushi, and others [18]. 
( Forest City and Modok chondrites, calculated 
from the ratios Pb206/U238 and Pb207/U235, 
)are anomalously high. The Nuovo Laredo 
jachondrite also shows a higher age value than 
One might have expected. This discrepancy 

| can be explained either by an error in the 

j analytical determination of the uranium, or by 
the fact that the authors used different samples 
| of the same meteorite in their analyses. 


The age of the 


| It is possible that our present ideas about the 
) origin and development of meteorites are not 
/entirely correct. In certain cases the dis- 
/crepancies in the age values can be attributed 
/to the fact that analyses of uranium and lead 
/were run for different samples of meteorites 
‘in which the content of these elements varied. 
'Uranium and lead determinations and the mass- 
isotopic analysis of lead in the chondrites from 


‘Saratov, Yelenovka, Kunashak, and the Norton 
County achondrite were made on the same 
samples [8]. The somewhat lower age cal- 
/culated on the basis of Pb207 /U235, and parti- 
-cularly of Pb206/U238, therefore, may be, in 
‘this case, associated only with an error in the 
determination of uranium or lead, or with a 
loss in lead addition of uranium during the life 


of the meteorites. 


For the Pasamonte achondrite the age value 
was obtained by the strontium method and 
amounts to 4. 54 billion years [30]. 


Thus, it is possible to consider the age of 
meteoritic matter as established, or the 
moment of melting and differentiation of the 
parent body of meteorites as 4.5 billion years. 
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COOLING OF THE BODY 


The moments when heating terminated are 
being estimated by helium and argon methods. 
The ages determined by these methods have a 
tendency to be somewhat lower than those ob- 
tained by the lead and strontium methods. This, 
apparently, is attributable to losses of helium 
and argon by diffusion, since the cooling of 
meteorites after their formation must have oc- 
curred quite rapidly. The spread of age fig- 
ures by the argon method may be caused by size 
variations of the parent body and the location in 
it of the future meteorite samples. The dis- 
crepancies between the helium and argon ages 
could be explained by the difference in the dif- 
fusion coefficients of both gases. 


Data obtained by the helium and argon meth- 
ods for a number of stony meteorites show a 
maximum age value of approximately 4. 5 billion 
years. The acquisition of values indicating a 
younger age may be related to a number of 
circumstances, among which an important role 
may be played both by experimental errors, and 
by difficulties associated with the identification 
of the processes which may have affected the 
meteorites. For example, H. Urey [32] and 
F. Paneth [ 26] ascribed the lower age values of 
meteorites produced by the helium method to 
losses in helium which may have occurred during 
the heating of meteorites when the trajectory of 
their flight passed in the vicinity of the sun. 


The age was calculated on the basis of the 
data for uranium content obtained by H. Hama- 
gushi, and others, using the helium method [18], 
namely, of 10-8 g/g. Investigations by I. Ye. 
Starik and M. M. Shats [5] showed that the 
uranium content in stony meteorites varies with- 
in the limits of 1- 1077 g/g. If this estimate is 
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correct, then the age determined by the helium 
method will appear to be lower by one order. 


The age determined by the argon method of 
various stony meteorites also varies over a 
wide range of from 0. 7 to 4.5 billion years. 
This fact is to be, apparently, attributed to 
argon losses. Nonetheless, it should be noted 
that age values determined by the argon method 
are far more stable than those produced by the 
helium method, and some of them are close to 
the upper age limit of meteorites (4. 2 to 4.5 
billion years). 


One of the reasons responsible for the dis- 
crepancies in meteorite age determinations by 
the helium and argon methods also may be 
traced to the formation of other isotopes of 
these gases under the influence of cosmic 
radiation. This problem lately has become the 
subject of intensive studies. 


THE COSMIC AGE OF METEORITES, 
THE TIME OF DISINTEGRATION 
OF THE PARENT BODY 


Back in 1947 and 1948, C. Bauer [10, 11] 
and H. Hantley [ 21] succeeded in demonstrat - 
ing experimentally the existence of HeY and 
He* produced as a result of cosmic ray action 
upon meteoric bodies. 


This discovery permitted a correction to be 
introduced in the calculations of the meteorite 
age by helium method for "cosmic" helium and 
to recalculate more accurately the previously 
obtained data. On the other hand, the products 
discovered in meteorites of "evaporation" and 
"calcination" of the atomic nuclei under the in- 
fluence of cosmic high-energy particles make 
it possible to determine the, so-called, cosmic 
age of meteorites. The "cosmic age" is under- 
stood to mean the time during which the 


meteoric body was exposed to the action of 
cosmic rays in interplanetary space. The 
cosmic age of meteorites is calculated from the 
moment of disintegration of the parent body, 
i.e., from the moment when the meteorite be- 
gins an independent existence not shielded by 
the protective action of the mass which used to 
surround it, until the moment when it lands on 
the surface of the earth. 


The constancy of the cosmic-ray flux in time 
and space, as well as the constancy of the 
parent body in shape and size, serve as the 
starting point for cosmic age calculations. 


At the present time cosmic-age determina- 
tions of meteorites are based both on the num- 
ber of any unit-element nuclei formed, for ex- 
ample, Hey, Aes on the a err of different iso- 
topes: H3-He3, K40-K51, 439-K39, 439-sr46, 
A39-A38, It should be noted, that in the case 
of unit elements, the available data are some- 
what indefinite because the intensity of cosmic 
rays in space until recently was unknown, and 
it was only since the launching of the sputnik 
that our knowledge has been enriched by the 
necessary information. In this connection there 
were some difficulties with respect to calcula- 
tions of secondary -radiation effects. 


Determination of meteorite age on the basis 
of various isotopic pairs, on the other hand, 
does not require certain knowledge of the 
energy spectrum of the emerging particles in 
so far as this concerns the reaction products, 
the effective cross-section of which is approxi- 
mately constant in this energy range. In this 
case the size of the meteoric body is of no con- 
sequence. 


As may be seen from Table,5 which shows 
the results of the latest research in the field of 
cosmic-age determinations of meteorites based 
on the isotopic pairs, the age of iron meteorites 


Table 5 


The Cosmic Age of Meteorites 


Sample 
designation 


Class of meteorite 
Abiya 
Norton County 


Sikhote-Alin' 


Carbo 

Treisa 
Norfolk 

Cara de Minas 


Stony chondrite He3—-H3 13 


He3—H3 240 ! 
He3—H? 


K39— A390 
A%8— A390 500 
K4l-—_K 40 690 
A39_Sr4é 600 
He —H? 900 
He3—H8 


Method of Age, 
determination 


billion Author 


years 


F. Begemann [12] 
" [13] 


E.K. Gerling [3] 
L.K. Levskiy [ 3] 


. Firemann [16] 
. Marshall [22] 


. Wanke, E. Vilasek [33] 


. Firemann 
D. Schwarzer [17] 


280 


9004-200 


430-50 


1700 


varies over the range of 1- 700: 106 to 
\rears. 


430: 106 


It is necessary to note that O. Schaeffer and 
.. Zaehringer in their study [29], devoted to 
he rate of He3-H3 formation under the action 
)f protons on targets prepared from meteoric 
(ron, have shown that the age of iron meteorites 
jletermined by He3-H3 may appear to be about 
»hree times higher than it actually is. 


| The cosmic age of stony meteorites is much 
)oOwer than that of the iron variety. However, 
+his phenomenon has not yet been conclusively 
(xplained. The low age of the Abiya chondrite 
*S attributed by F. Begemann and others [12] 

O the fact that 13 million years ago this 
fneteorite possibly may have been a part of a 
;arge meteor and was protected by the shield- 
tng effect of the ambient medium, whereupon 
the meteor had split up without noticeable heat- 
sng. A gradual loss of mass, or repeated 
Processes of cleavage of small fragments also 
jmay be used as another possible explanation of 
he phenomenon. In this case the intensity of 
*osmic radiation affecting the body formed as a 
eesult of cleavage will increase. 


* * 
* 


As previously indicated, the problem of the 
fige of the earth is related to ideas concerning 
‘ts origin and development. 


In order to extend the age values obtained 
‘or meteorites to the earth, it is necessary to 
Nave the assurance that: 1) the parent bodies 
jof the meteorites and the earth were formed at 
dentical times and existed as isolated sys- 
‘ems; 2) the isotopic composition of lead, 
4ranium, and thorium in the meteoric matter 
and the matter of the earth was originally 
dentical. In the first approximation, this 
ondition seems to be holding for all bodies 
jof the solar system if the formation of heavy 
2lements occurred within a relatively short 
deriod of time. 


Thus, if it were possible to prove that 
ineteoric and terrestrial matter have a common 
drigin, then the experimentally determined age 
of the planetary bodies justifiably could be rela- 
-ed to the age of the earth. In this case, the 
.sotopic compositions of averaged terrestrial 
lead and the lead from meteorites should satisfy 
‘he following equations derived by G. Patterson 
7 |: 


Pb206 /Pb204 = 9.5 + 1-014 U238/Pb204 
Pb207/Pb204 = 10. 4 + 0 601 U238/Pb204 


Indeed, these expressions are satisfied both 
by the meteoric lead and by that of terrestrial 
origin separated from recent oceanic sediments, 
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as well as by the averaged lead from Tertiary 
and Quaternary galenites. A 


This fact may serve as an argument in favor 
of the advanced supposition. 


Utilized in this expression are the isotopic 
ratios Pb206/Ph204 = 9.5 and Pb207/Pp204 = 10. 4 
obtained for the iron meteorite in Devil's 
Canyon which serve as a measure of terrestrial 
and meteoric primeval lead. However, there 
are data relative to iron meteorites (Table 1) 
in which the isotopic lead composition differs 
considerably from primeval lead. Their age 
and origin are, therefore, different from those 
of the Devil's Canyon meteorite and, possibly, 
also from those of a number of stony meteorites. 


Since two groups of iron meteorites, sharply 
differing in terms of isotopic lead composition, 
were discovered (Table 1), it is difficult to 
imagine how such differentiation could occur in 
a single molten metallic phase. One cannot 
help but assume that there can be, not one, but 
a number of parent bodies of meteorites, in 
which the differentiation processes developed at 
different times, with the isotopic lead composi- 
tion reflecting the time of the last differentiation. 
Thus, in the case of the first-group meteorites 
(containing primeval isotopic lead composition), 
the separation of the metallic phase took place 
4.5 billion years ago, while in the case of the 
second group of meteorites, (having regular 
isotopic lead composition), this separation may 
be estimated to have lasted several tens (or a 
hundred) millions of years. In the case of the 
Sikhote-Alin' meteorite, one can observe a 
coincidence of the ''cosmic age" (400 to 500 
million years) and the time of the last differ - 
entiation of the body (the isotopic composition 
of lead in the Sikhote-Alin' meteorite corre- 
sponds to ordinary terrestrial lead, 400 to 500 
million years old). If these figures are correct, 
one must assume that the parent body from 
which the Sikhote-Alin' meteorite originated 
must have disintegrated immediately after dif- 
ferentiation in it ceased. 


The possibility should not be excluded that 
there also may be other processes which could 
serve as a basis for the explanation of the pre- 
sence of lead with different isotopic composi- 
tions in iron meteorites. 


For the majority of the investigated meteor- 
ites, the age values for the parent substance 
obtained by the lead, strontium, and argon 
methods, are close to those of terrestrial 
matter. 


The results of age determinations with 
respect to the earth obtained by all possible 
radioactive methods show that the age of the 
earth is 3.5 to 5.0 billion years, with the most 
probable figure being that of 4.5 billion years. 
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MESOZOIC VOLCANISM IN NORTHEAST YAKUTIYA’ 


by 


I. Ya. Nekrasov 


On the basis of many years of the author's personal observations and the materials collected 
during the last three years by the collective geologists of the Yakutiya Administration, the develop- 
ment pattern of Mesozoic volcanism is presented for the first time, certain regularities in the for- 
mation of volcanic strata and subvolcanic intrusions are elucidated and an estimate is given as to 


their metal content. 


The principal structural features in North- 
eastern Yakutiya are the Kolyma central massif 
and the Verkhoyansk-Kolyma folded zone [5, 
8]. A deep-seated fault separates the 
Verkhoyansk-Kolyma folded zone from the 
central massif (Figure 1). Throughout the 
Upper Jurassic and Cretaceous periods this 
fault controlled the volcanic activity in the 
Verkhoyansk-Kolyma folded zone and the 
marginal geanticlines (Poluosniy and Tas~- 
Khayaktakh) of the Kolyma central massif. 


The duration and intensity of the volcanic 
activity, the petrographic composition and the 
metal content of the volcanic formations in the 
Kolyma central massif and the Verkhoyansk- 
Kolyma folded zone vary. Throughout the en- 
tire Mesozoic period the Kolyma central mas- 
sif experienced repeated block movements ° 
along the long-lived deep faults which served as 
magma conduits. As a result of long and in- 
tensive volcanic activity continuing through the 
entire Mesozoic period, a thick (7 to 7.5 km) 
series of sedimentary-volcanic and volcanic 
rocks was formed here. The most mobile part 
of the Kolyma central massif was the region of 
the central Alazeysk uplift, within which the 
marine sedimentary-volcanic (Triassic - 
Jurassic) formations, the volcanic formations 
of the surface type formed during Cretaceous 
and Paleogene time, and the accompanying sub- 
volcanic intrusive rocks, were extensively de- 
veloped. The quiet outflow of lava in the 
Alazeysk uplift alternated with recurrent ex- 
plosions which were responsible for the fact 
that 50% of the sedimentary-volcanic formations 


10 mezozoyskom vulkanizme severo-vostochnoy 
Yakutii, (pp. 84-96). 
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consist of pyroclastic formations [9]. Char- 
acteristic for the Verkhoyansk-Kolyma folded 
zone is the abundance of Lower and Upper 
Cretaceous, occasionally Paleogene, effusives 
and sub-volcanic intrusions, and a very negligi- 
ble amount of pyroclastics. The accumulation 
of volcanic strata occurred here exclusively 
under subaerial conditions in the period subse- 
quent to folding. 


Five main stages of volcanic activity, sepa- 
rated by intervals of varying lengths, can be 
identified in the Kolyma central massif (Table 
1). Characteristic of the volcanic formations 
in the Verkhoyansk-Kolyma folded zone are 
only three stages of Mesozoic volcanism (Table 
2), synchronous with the three last stages of 
volcanic activity in the Kolyma central massif. 


1. VOLCANISM IN THE KOLYMA MEDIAN 


MASS 


The peculiarity of the volcanism in the 
Kolyma central massif is the protracted forma- 
tive process of the sedimentary-volcanic de- 
posits (extending from the Permian to the Paleo- 
gene). Of the total thickness of the sedimentary - 
volcanic strata amounting to 7000 to 7500 m, 
about 6500 m were formed under the conditions 
of a marine basin (in the two first stages), and 
only 800 to 1000 m are lavas of the surface 
type. 


In the first stage of volcanism (Triassic 


period) a sedimentary-volcanic formation, 300 
to 1000 m in thickness, was formed in the 
Alazeysk uplift of the Kolyma central massif. 
About 85% of the rocks here are andesites, 
agglomerates, litho-, and crystalline-clastic 
tuffs of andesites and andesitic basalts, and 
about 10% of the litho-clastic tuffs are of 
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dacitic composition. About 5% of the total 
thickness of this formation consists of tufo- 
genic sandstones and shales located in the upper 
section and containing abundant Triassic fauna. 
The alternation of effusive-pyroclastic forma- 
tions with normal sedimentary rocks is evi- 
dence of the fact that during the Triassic, the 
central part of the Alazeysk uplift was, appar- 
ently, an archipelago, which consisted of a 
number of islands of volcanic origin. The con- 
siderable thickness of the deposits of volcanic 
origin and the non-uniform thickness of the in- 
dividual beds of effusives and tuffs, — which 
vary sharply over short distances of 2 to 3 km 
— indicates the existence of a number of 
eruption centers of the strato-volcanic type. 
These strato-volcanic centers were located in 
the northeastern zone of weakness which coin- 
cides with the axial section of the Alazeysk 
horst-anticline. 


The rocks of the effusives here are repre- 
sented by the dikes and sills of dipyroxene ba- 
salts which are poorly developed in the Sede- 
dema River basin. The dikes and sills do not 
exceed 5 m in thickness and their length varies 
between 300 and 800 m. The andesites and ba- 
salts are strongly altered (chloritization and 
carbonatization). According to the data of 
chemical and spectral analyses they contain up 
to 4.5-5% titanium oxide (dispersed finely im- 
pregnated titanomagnetite) and up to 0. 05% 
zinc; hundredths, thousandths, and ten- 
thousandths fractions of one percent of vanadi- 
um, chrome, nickel and copper. 


part of Yakutiya 
th-like masses; 14 - Upper Creta- 


sedimentary formation of the Alazeysk high 


volcanic formation of the Alazeysk high plateau; 8 - 


sedimentary coal measures of the Momo-Zyryansk intermontane 
mentary-volcanic formation of the superimposed basins (Dogdin- 


formation; Paleozoic (Ordovician, Silurian, De- 
entral massif, and of the western part of the Poluosnyy Range; 


; 5 - crystalline Proterozoic and Sinian formation (amphi- 
assic volcanic- 


The second stage of volcanic activity, em- 


bracing the period from the Triassic to the 
Upper Jurassic, was manifested — like the first 
stage — only in the Alazeysk uplift of the 
Kolyma central massif. Two cycles of volcanic 
activity may be distinctly identified: the Lower 
and the Middle Jurassic, separated in time by a 
negligible hiatus determinable by the existence 
of a bed of basaltic conglomerates. The sedi- 
mentary-volcanic formations of both cycles are 
characterized by fauna. 


(compiled by 1.Ya, Yekrasov) 


, peats, pebble beds, etc.); 2 - Tertiary conglomerates and sandstones; 
SO = ah hl 


3 - Mesozoic (Triassic and Jurassic) schistose sandstone 


vonian, and Carboniferous) carbonate formation 


bolites, gneisses, crystalline schists) 
the principal deep-seated faults 


; 11 - Upper Cretaceous-Paleogene effusives; 12 - main sub-volcanic in- 


Sketch map of the geologic structure of the northeastern 


The initial stage of the Lower Jurassic vol- 
canic cycle saw the outflow of average -compo- 
sition lavas responsible for the formation of 
sedimentary-volcanic strata about 700 m thick. 
The bottom of this formation consists of 
olivine basalts and pyroxene andesites, and at 
the top, of ash and agglomeratic tuffs contain- 
ing interbedded tufogenic limestones and shales. 
Spectral analysis showed that the andesites and 
basalts in this volcanic formation contain high 
concentrations of vanadium, titanium, chrome, 
and to a lesser extent, cobalt and copper. Al- 
though the percentages of these elements are 
negligible, they nevertheless exceed the Clarke 
values by a factor of two or three. 


FIGURE 1. 
trusives; 13 - Upper Jurassic - Lower Cretaceous granitoids in the batholi 


plateau; 7 - Lower and Middle Jurassic sedimentary- 
ceous granitoids - very basic; 15 - 


Upper Jurassic - Lower Cretaceous volcanic- 
basin; 9 - Upper Jurassic volcanic and sedi 
skaya and Saltaga-Tasskaya) of the Kolyma c 


1 - Quaternary deposits (silts, loams 
10 - Lower Cretaceous effusives 


The second stage of the Lower Jurassic vol- 
canic cycle was marked by the extrusion of 
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Table 2 
The Development Pattern of Mesozoic Volcanism in the Territory of the Western Part of the Verkhoyansk-Kolyma Folded Zone 


Intrusions 
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Volcanic formations 
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Age of 
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excessively acid lavas (liparites, occasional . 
dacites). The 900 meter tufogenic liparite for - 
mation contains up to 30% pyroclastics (tuffs am 
tuffites of liparites and dacites). The products : 
of the extruded acid lava, particularly the lipar 
ites, are hydrothermally altered (sulfidization. . 
sericitization), intensely porous and honey- 
combed. Spectral and chemical analyses show | 
that the liparites contain high concentrations of | 
barium, strontium, lithium, zinc, lead, and 
copper, exceeding by 3 to 6 times the Clarkes 
of these elements in the earth's crust. The fine 
stage of the Lower Jurassic volcanic cycle is 
well characterized by the increased role playec 
by pyroclastic rocks represented by litho-crys- 
tallo-clastic, crystallo-clastic and, agglom- 
eratic tuffs of the andesites. Tuffites are very 
poorly developed in this formation and there aré« 
no effusives. A sedimentary-volcanic formatioi 
aggregating 800 m was formed during this stage 


plateau, Dzhakhtar- 


dakh Mountains in 
Khayakhtakh, and 
Ulakhan-Sis Ranges 
Polousnyy Range 


the Polousnyy Range 
Ulakhan-Sis Range 


Western part of the 


Kondakovsk high 
Polousnyy, Tas- 


Hg, Co, Cu, As, 
Mo, Sn, Be 


The Middle Jurassic volcanic cycle was 
ushered in by the outflow of average-composi- 
tion lavas (andesites and dacites), and then by 
basic lavas (amygdaloidal basalts). Pyroclastic 
rocks, represented by agglomeratic and ash 
tuffs and tuffites, are well developed in the 
Middle Jurassic sedimentary-volcanic strata, 
on the order of 1000 to 1100 m in thickness. 
The agglomeratic tuffs occur only near the lava 
cones. They have a uniform thickness and 
wedging out sharply 2 to 4 km from the centers 
of volcanic activity. The ash tuffs form uni- 
formly thick beds extending out 5 to 8 km, but 
their development is local. All of this justifies 
the assumption that, apart from linear fissure- 
type vents, numerous volcanoes of the central 
type also existed in Middle Jurassic time. 


Dikes, and | Ti, Mo, Co, Ni, 


Sills and 
dikes 


monzonites, syenites 
phyries, quartz- 
granite-porphyries, 
quartz porphyries 


granodiorite-por- 
porphyries 


Diroritic porphyrites, 
granodiorite-por- 
phyries, diorites, 


Granite-porphyries, 
Gabbro-diabases, 


Volcanic activity during the second stage was 
controlled mainly by linear faults of northeast- 
erly strike which, probably, abounded in vol- 
Canic systems of the strato-cone type. A thick 
(3500 to 3800 m) sedimentary -volcanic forma- 
tion, consisting mostly of pyroclastic rocks, 
formed along these faults. 


As, Co, Cu, Hg 


The subvolcanic intrusions, which accom- 
panied the volcanic activity in the second stage, 
are represented by steeply dipping sills, dikes, 
and stocks of diorites, quartz-diorites and 
dioritic porphyrites (in the basins of the 
Kopylyn-Chekur, Ebir-Khaya, Yngyr-Khaya 
Rivers and others). It is very strange that, 
along with subvolcanic stock-like intrusions, 
there also exist typical interbedded intrusions, 
similar to those of trappean formation observa- 
ble on the Siberian platform. The diorites and 
dioritic porphyrites, as well as certain tuffs 
and andesites located near the intrusions are 
enriched with ilmenite and magnetite to the ex- 
tent of forming orebodies of commercial impor- 
tance. Orebodies containing impregnated mag- 
netite and ilmenite are localized within the 
limits of the linearly-extended zones of weak- 
ness and occur as schlieren and thin lenses 
(0.1 to 0.2m). They constitute the basic 


canic vents 
schistose 
sandstone 
formation 


Flows in 


tuffs, welded tuffs, 


volcanic bomb 


horizons 
liparites, very 


liparitic dacites 
Andesites, dacites, 
rarely tuffs 


Andesites, basalts, 
Liparites, dacites, 
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1 source for the formation of numerous alluvial 
{ placers of ilmenite and magnetite in the central 
} Part of the Alazeysk high plateau. In 1954 1.P. 


Shlykov and I.N. Karbivnich described the 


| ilmenite- and garnet-bearing tuffs which out- 
} wardly resemble the volcanic pipes character- 
* istic of the Siberian platform. 


The beginning of the third volcanic activity 


} stage coincided with the intensive fold-forming 

{ Movements to which the Paleozoic basement of 

} the Kolyma central massif reacted by block 

| uplifts. 

| juncture of two formations of different age (the 
Mesozoic terrigenous and the Paleozoic car- 

) bonaceous strata) is the main structural frac- 

| ture zone controlling the volcanic activity in 

| the Upper Jurassic and Lower Cretaceous 

) periods. 


The Kolyma fracture, formed at the 


Less important deep faults originated 
in the central part of the Kolyma central massif 
and separated the intermontane basins (Momo- 
Zyryansk, Dogdinsk, Chabagylakh, Saltaga- 


| Tas, and others). These intermontane troughs 
1 are filled with sedimentary -volcanic and vol- 
/ Canic deposits. 


The Upper Jurassic age of the 
volcanic formations is everywhere character- 
ized by the presence of abundant fauna in the 


| shales, sandstones and tuffs which alternate 
) with the effusives. 


The volcanic rocks formed as a result of 


) lava flows issuing from these newly-developed 
| deep-seated faults (in the Selennykh Ridge, in 


the Tas-Khayakhtakh and Polousnyy Ranges) 
are distinctly different from the volcanic rocks 


» formed as the result of the partial reopening of 
| the previously existing magma-conduits in the 

- central part of the Alazeysk plateau. 
_ distinctions may be summed up as follows. 


These 


1. Near the young (Upper Jurassic ?) deep- 


| seated faults in the zone of the marginal ge- 
anticlines of the Kolyma central massifs, the 
| pyroclastic rocks are totally absent, but within 
_ the limits of the long-standing superimposed 

| faults of the Alazeysk uplift they are well de- 


veloped. 


2. The lavas which flowed along the youth- 
ful faults were essentially average in compo- 
sition (andesites and dacites), and those which 
moved along the partially reopened conduits 
were mostly acidic (liparites, dacites, and 
their tuffs). This difference in the composi- 
tion of the lava flows may be due to the vary- 
ing depths of the centers of volcanic activity. 
The largest faults (for example, the main 
Kolyma faults) may have extended to great 

depths and controlled the extrusion of average, 
‘rarely basic, lavas from the poorly differ - 
entiated magmatic chambers. The smaller, 
near-surface faults on the Alazeysk uplift could 
have reached only the more differentiated cham~- 
bers containing a magma of acid composition. 


The third-stage volcanism was terminated 
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with the formation of minor subvolcanic intru- 
sions. In the main Kolyma fault zone many 
stocks, dikes, and sills of gabbro-diabases, 
diorites, and diorite-porphyrites (Yelenekh, 
Khatynnakh-Salinsk, Dogdinsk, etc.) were 
formed, whereas only extended dike bodies of 
granite-porphyries, quartz-porphyries, and 
grano-diorite-porphyries appeared during the 
Alazeysk uplift. 


Under the influence of postmagmatic solu- 
tions the effusives and subvolcanic intrusive 
rocks were strongly altered in a number of 
places (albitized, silicified, chloritized, and 
sulfidized). According to the data of this 
author, V.K. Pokrovskiy, andI.P. Shlykov, 
the auriferous mineralization in the Iolatakh 
and Khatynnakh-Salinsk group of ore showings 
is paragenetically associated with the albitized 
and sulfidized dikes of the dioritic porphyrites 
and diabases of the Selennyakh Ridge. The 
mercury mineralization of the quartz-baritic 
formation is associated with the Upper Jurassic 
effusives in the Dogdinsk intermontane trough 
(Tas-Khayakhtakh Range, while the effusive 
rocks of the Saltaga-Tas Range are related to 
the thick zones of pyrite ores (pyrite, marcas- 
ite, arsenopyrite, chalcopyrite, and occasional- 
ly sphalerite). 


For the volcanic formations in the Alazeysk 
uplift spectral analyses show high values of 
lead, zinc, tin, barium, lithium, rubidium, 
strontium, and particularly boron, which are 
three to seven times higher than the Clarke 
values of these elements in the earth's crust. 
According to spectral analysis data the ande- 
sites, dacites and their tuffs from the region 
of the Dogdinsk trough and the Saltaga-Tas 
Mountains were found to contain high con- 
centrations of lead, arsenic, mercury, titanium, 
vanadium, nickel, cobalt, and copper. 


The volcanic activity in the fourth stage 


(Lower Cretaceous ?), which coincides with 
the fold formation in the Verkhoyansk-Kolyma 
geosyncline, developed everywhere under sub- 
aerial conditions. The Lower Cretaceous age 
of the volcanic formations was authentically 
established only in the Momo-Zyryansk basin. 
Very characteristic is the fact that the centers 
of volcanic activity moved in the Lower Cretace- 
ous from the Alazeysk uplift of the Kolyma 
central massif to the zone of marginal anti- 
clinoria and the intermontane basins (Momo- 
Zyryansk, Syuryukhyatsk, etc.). Perhaps 
this is connected with the formation in the 
fringe areas of the Kolyma central massif of 
vertical displacements involving large blocks 
of the Paleozoic basement as a result of the 
activity of the fold-forming movements in the 
Mesozoic geosynclinal zone. 


The distribution of the volcanic activity 
products in the Lower Cretaceous time was 
associated with the linear zones of deep-seated 
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faults within which volcanic systems of the 
central type existed, as established by I. P. 
Shlykov in 1955 in the Andrey-Tas Range, 
and by V. A. Krasnovskiy in 1958 in the 
Saltaga-Tas Range. Predominantly develop- 
ed among the volcanic formations are ande- 
sites interbedded with litho-crystallo-clastic 
and agglomeratic tuffs (Andrey-Tas Range). 
Well preserved within the limits of the vol- 
canic formations are necks consisting of 
dioritic porphyrites, to a lesser extent of 
basalts and andesites, and volcanic pipes 
filled with agglomeratic tuffs (the basin of 
the Nikanda and Syryuktyakha streams, ac- 
cording to data of A.A. Zamarayev, I. P. 
Shlykov and Yu. A. Yunusov). 


In 1955, I. P. Shlykov was the first to 
point out that the small gold content present 
in the Andrey-Tas Range is due to the pre- 
sence of quartz veins associated with the 
Lower Cretaceous volcanic formations 
which have undergone hydrothermal altera- 
tions near the centers of the andesitic lava 
flows. Associated with the dioritic por- 
phyrites which comprise the stocks and necks 
in the Syuryuktyaka intermontane basin are 
the analogous ilmenite and magnetite ore 
showings which constitute the source of the 
Syryuktyakha alluvial placers. 


The fifth stage (Upper Cretaceous — 
Paleogene ?) of volcanic activity appeared 
only in a small (30 km2) section of the 
Alazeysk uplift and was reflected in the ef- 
flux of acid lavas. In the liparitic tuffs, 
alternating with the effusives, I.N. Kar- 
bivnich was able to detect an assemblage 
of flora on the basis of which the volcanic 
rocks were dated as Upper Cretaceous — 
Paleogene. The volcanic strata consist of 
liparites, trachytes, and their tuffs, which 
form two fields around the subvolcanic in- 
trusives consisting of syenite-porphyries 
and granite-porphyries and confined to the 
closed end of the anticline. The geochemi- 
cal characteristics of the liparites, tra- 
chytes, and their tuffs, as well as of the 
syenite-porphyries and granite-porphyries, 
consist in the high (ten or more times the 
Clarke value) concentration of boron and 
the presence of tin, chlorine, zirconium, 
cerium, and yttrium in quantities up to 
five times greater than the Clarke values. 
According to I. N. Karbinovich's data (1954) 
the deposits of tin and other elements in the 
Alazeysk plateau are related to the acid and 
alkaline effusives and subvolcanic intrusions 
of Upper Cretaceous — Tertiary age. Ac- 
cessory minerals, such as cassiterite, 
monazite, zircon, and tourmaline, are to 
be found both in thin aplite and quartz vein- 
lets cutting across the liparites and trachytes, 
and in the granite-porphyries and syenite- 
porphyries of the subvolcanic intrusions. 
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2. VOLCANISM IN THE TERRITORY OF 
THE VERKHOYANSK-KOLYMA MESOZOIC 
FOLDED ZONE 


The beginning of volcanic activity (first stage 
in the northwestern and northern parts of the 
Verkhoyansk-Kolyma folded zone coincides witi 
the period of most intensive folding. Maximum 
volcanic activity (second stage) was attained in 
the Lower Cretaceous period when the, so- 
called, batholith-like granitoid masses were 
formed in the youthful folded zone [5]. Finally, 
the volcanic formations of the concluding (third) 
stage (Upper Cretaceous — Paleogene) are de- 
veloped only in the most mobile parts of the 
Verkhoyansk-Kolyma folded zone (in the 
Kondakovskoye plateau, in the Dzakhtardakh 
Mountains of the Polousnyy Range and in the 
Ulakhan-Sis Range). 


The first stage of volcanism. The products 


of the first stage of volcanic activity in the 
northwestern part of the Verkhoyansk-Kolyma 
folded zone are andesites dacites, and liparites, 
which alternate with faunally characterized 
sandstones and schists of the Upper Jurassic. 
Pyroclastic formations are exceedingly poorly 
developed in the Upper Jurassic schistose sand- 
stone strata. The roots of the Upper Jurassic 
effusives represented by sills and dikes consist 
of gabbroic diabases, quartz porphyries, and 
occasionally by granite-porphyries. Like the 
effusives, they are also crumpled into common 
folds with the Upper Jurassic strata of schistose 
sandstones. The Upper Jurassic effusive forma 
tions outcrop only in the western part of the 
Polousnyy Range. The total development area 01 
the Upper Jurassic effusive-sedimentary forma~ 
tions in northeastern Yakutiya comprises about 
400 to 500 square kilometers. 


According to the data of chemical and 
spectral analyses, the Upper Jurassic effusives 
contain a high proportion of arsenic, cobalt, 
copper and mercury, and their acid varieties ar 
enriched by barium, tin, beryllium, and 
molybdenum. 


The second-stage volcanism (Upper Jurassic 


— Lower Cretaceous) is characterized by in- 
tensive acid lava flows. 


We established the age of the second-stage 
volcanic formations tentatively as Upper 
Jurassic — Lower Cretaceous on the basis of 
following data. 


1. The effusive represented by liparites and 
liparite-dacites, containing a very subordinate 
amount of their tuffs, are everywhere emplaced 
in intensively dislocated and faunally character- 
ized Upper Jurassic schistose sandstone de- 
posits. The effusives themselves folded in the 
more recent stage of Cimmerian tectogenesis. 


2. Time-wise the effusives are synchronous 


jvith the granitoids of the complex of batholith- 
‘ike intrusions in Northeastern U.S. S.R. 
‘Therefore, many investigators point both to the 
j>xistence of a metamorphism of volcanic 
}ormations caused by the granitoids and to 
jiparitic flows overlying the granitoid intru- 
ions (for example, in the region of the Elik- 
hansk massif in the Polousnyy Range, accord- 
jng tol. P. Shlykov's data). 


| In the Polousnyy Range, Ye. M. Shesterenkin 
ound a pebble of the granites from the batholith- 
?ype massifs in a horizon of the basalts con- 
slomerates underlying the rhyolites. 


3. The absolute age of the granites in the 
Patholith-like intrusives and of the rhyolites is 
}dentical (within the limits of 125-150 million 
rears according to determinations made in the 
j.aboratories of the Yakutian Branch of the 
6J.S.S.R. Academy of Sciences, the VNII-1, 
find the VSEGEI). 


Rhyolites, dacites, and rarely their tuffs, 
/orm considerable fields (covering an area of 
1p to 100 km2) in the central and eastern parts 
of Polousnyy Range, and are 15 to 20 kilometers 
apart. The thickness of the effusive Lower 
Scretaceous strata ranges in the various fields 
irom 250 to 500 m. The distribution of effusive 
fields is determined by the ruptured zone con- 
‘ined to the axial part of the Polousnyy Range, 
jor to the lateral branches of the main Kolyma 
vault separating the Mesozoic folded zone from 
the Polousnyy marginal geanticline of the cen- 
“ral massif. Numerous dikes and stocks of 
Sranite-porphyries, quartz porphyries, and 
@ranodiorite-porphyries are located within the 
limits of the effusive fields and the spaces 
etween them. These subvolcanic intrusions 
‘robably are the remains of the main flow cen- 
vers localized within the limits of the linear 
zones. 


__ A few of the stocks coincide with the typical 
systems of the central type (Kuobakh, Tire- 
khtyakh, and others). The most deeply eroded 
darts in them are composed of granite-por- 
ohyries, while the outer edges, 50 to 70 m 
thick, consist of quartz porphyries. Flows of 
acid lava could have been extruded from 
chambers located not far from the surface of 
the ground. The possible existence of such 
shallow depth volcanic foci is postulated by 
Ye. K. Markhinin on the basis of a study of 
modern volcanoes in the Kurile Islands [4]. 


The subvolcanic quartz-porphyry and grani- 
te-porphyry intrusives were subjected to in- 
tensive hydrothermal alteration as manifested 
by regional greisenation of these formations 
and the enclosing sedimentary and effusive 
rocks. The volcanic foci which previously 
discharged acid lavas served as the source of 
hydrothermal solutions under the influence of 
which granite-porphyries and quartz -porphyries 
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were intensively greisenized. This fact is 
evidenced by the presence of topaz, fluorite, 
lepidolite, and sometimes of such accessory 
minerals as beryl and monazite, in the granite- 
porphyries and quartz-porphyries forming the 
stocks, and in the rhyolites of the enclosing 
formation. The rhyolites, granite-porphyries, 
and quartz-porphyries are enriched with 
beryllium, boron, lithium, fluorine, arsenic, 
molybdenum, and lead, the percentages of 
which, judging by the data of chemical and 
spectral analyses, usually exceed the respec- 
tive Clarke values in the earth's crust. 


In certain stocks quartz-porphyries and 
granite-porphyries are so highly greisenized 
that they form deposits of the stockwork type. 
Apart from greisen and stockwork zones there 
are peculiar orebodies of the extrusion breccia 
type in the Odinokoye and Chokhchurskoye de- 
posits. These are confined to the contacts of 
steeply dipping stocks and dikes of quartz- 
porphyries and granite-porphyries. This type 
of deposit is genetically associated with sub- 
volcanic intrusions and is described in the 
Lesser Khingan, and was described in the 
works of A.M. Kalik and G. V. Itsikson [2, 3]. 


The third stage of volcanism embraces the 


end of the Upper Jurassic and the beginning of 
the Paleogene. In 1957, volcanic formations of 
this type were identified by G.I. Mikheyev in 
the Kondakovskoye upland (the lower reaches of 
Indigirka River), in 1958, by the author of this 
paper and Ye. M. Shesterenkin in the southern 
part of Polousnyy Range, and in 1959, by the 
author, K.V. Yablokov and Ye. M. Shesterenkin 
in the Ulakhan-Sis Range. However, a flora 
assemblage permitting the lower part of the 
effusive strata to be reliably assigned to the 
Upper Cretaceous was found only in the tuffs in 
the Kondakovskoye upland. ‘The Paleogene age 
of the upper section of the volcanic formation 
was identified by us only tentatively. 


The volcanic activity in the third stage de- 
veloped under the conditions of already well- 
consolidated Mesozoic folding. It was restrict- 
ed to the latitudinally- and meridionally- 
striking faults containing a great number of 
central vents. The faults are confined to the 
weak, ruptured zone of the main Kolyma fault 
and to the rather recent sections of the folded 
zone (the region of Kondakovskoye plateau). 


We observed that most of volcanic vents of 
the central type coincide with the intersections 
of the latitudinal and meridional faults 
(Polevaya Mountain, Khara-Sis, and Kotel). 


Andesitic and andesitic-basaltic lavas pro- 
dominate everywhere, the role of the dacites and 
basalts being strictly subordinate. Pyroclastic 
formations are developed only near the centers 
of volcanic activity and are represented by 
tuffs and welded tuff of andesitic origin. The 
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thickness of the individual andesite and 
andesite-basalt mantles fluctuates over a wide 
range from 2 to 30 m, and the total thickness 
of the volcanic formations varies from 200 to 
900 m. Subjacent to the effusive strata are 
beds of pyroclastic rocks which, in the vicinity 
of individual volcanoes (Dzhakhtardakh Moun- 
tain), attain 350 m in thickness according to 
Ye. M. Shesterenkin's data. The area covered 
by the fields of volcanic formations varies be- 
tween 25 and 300 square kilometers. 


Fields of effusive formations and their tuffs 
are usually situated around the systems of the 
central type which are filled either by well 
crystallized igneous rocks (diorites, dioritic 
porphyrites, monzonites, and syenites), or by 
andesites and basalts, which form peculiar 
plugs in their vents. By way of an example of a 
volcano of the first type we shall characterize 
the volcanic system of Polevaya Mountain in the 
Ulakhan-Sis Range and of Khara-Sis Mountain 
in the Polousnyy Range. As an example of the 
volcanoes of the second type, it might be well to 
describe the central-type system of Kotel 
Mountain in the Kondakovskoye plateau. 


The volcano of Polevaya Mountain is situated 
on the southern spurs of the Ulakhan-Sis Range. 
Together with the field of effusive formations 
it occupies an area of 30 square kilometers. 

The central part of this field is a caldera-like 
funnel of ellipsoidal shape about 7 km¢ in area. 
This cirque-like funnel, filled by subvolcanic 
monzonitic intrusion, is surrounded by a wide 
field of volcanic formations represented by 
andesites and andesite-basalts at the top, 
andesitic welded tuffs in the middle part, and 

a thick (up to 100 m thick) stratum of alternating 
tuffs and welded tuffs of dacitic and andesitic 
composition at the bottom of the section. Sim- 
ilar, usually more eroded, volcanic systems 
are characteristic of the eastern part of 
Ulakhan-Sis Range; they are less well-developed 
in the southern part of the Polousnyy Range. 


The Khara-Sis neck is a central-type vol- 
Canic system of a more complex structure. It 
consists of diorites and monozites intruded by 
granites and granite-porphyries (Figure 2). 


Under the action of the granitic melt upon 
the diorites and monozites, syenites and 
syenite-porphyries were formed. The vol- 
canic systems of the Khara-Sis Mountain has 
undergone a considerable degree of erosion. 
Consequently, only small (up to 0. 1 km2) sec- 
tions of andesites, dacites, and their welded 
tuffs have been preserved around it. Dikes of 
andesitic and dacitic composition, which 
represent the roots of the effusive formations, 
extend outward from the central system in 
latitudinal and meridional directions. Similar, 
two-phase subvolcanic intrusions filling the 
vents of Upper Cretaceous volcanos are well 
developed in the southern and southwestern 
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parts of the Polousnyy Range. In the Dzhakh- 
tardakh Mountains they were investigated by 
Ye. M. Shesterenkin, in the Selennyakh ridge — 
by the author, V. V. Razborshchikov, and R.R. 
Zivert. 


Finally, the Upper Cretaceous — Paleogene 
volcanoes, in which the chimney is sealed by a 
basaltic or andesitic plug, are characteristic of 
the Kondakovskoye plateau. The best known 
here is the Kotel Mountain volcano, which in 
the present section is a regular, truncated 
cone about 80 m high, with a base diameter of 
about 600 m and 30 to 35° slopes. Around it 
are numerous sheets and flows of andesites 
and andesite-basalts aggregating 450 m in 
thickness, and covering an area of about 700 
square kilometers. Very interesting is the 
fact that the andesite and andesite-basalt flows, 
extending for 30 km out from the volcanic 
system — 10 to 15 high and 20 to 80 m wide, 
according to G.I. Mikheyev — are confined 
only to the valleys of the recent rivers. These 
flows are very similar to those described by 
Ye. K. Ustiyev for a young volcano in the basin 
of the Bol'shoy Anyuy River [10]. In this con- 
nection it is quite possible that some volcanoes 
in the Kondakovskoye upland are younger than 
we have supposed. ; 


In immediate proximity of the volcano vent, 
at its foot, one may observe the beds of a 
volcanic formation consisting of tuffs containing 
a great number of volcanic bombs. These tuffs 
and andesitic and basaltic lavas encircling the 
volcano vent are intensively altered and trans- 
formed into a characteristic reddish formation 
resembling the effusive red beds described by 
B.I. Piyp for the basin of the Avacha, Rossosh, 
Gavanka, and Kalacheva Rivers in Kamchatka 
[7]. The high content of ferrous iron, which — 
according to the data of many investigators — 
forms as a result of oxidation of ferric iron 
compounds under the effect of hydrothermal 
solutions or fumarolic sublimates [1, 8, 11, 
12], is very characteristic of the effusive red 
beds of the Kotel Mountain volcano. 


The general evolution pattern characteristic 
of recent volcanoes in the Kondakovskoye 
plateau (Kotel, Pobochnyy, etc.) appears to us 
as follows: 


1. Effusion of andesitic lava along the fis- 
sures in the northwestern ruptured zone. 


2. Sealing of the individual fissures by crys- 
tallizing lava with the formation of a series of 
andesite and andesite-basalt dikes, and the 
origination of a volcanic system of the central 
type. 


3. Breaking through of a volcanic pipe by 
andesite -basaltic lava accompanied by repeated 
ejections of ash and volcanic bombs. 
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FIGURE 2. 
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Sketch of the geologic structure of the Mount 
Khara-Sis region 


1 - Quaternary deposits (pebble beds, silts); 2 - andesites, dacites, 

and their tuffs; 3 - limestones with thin layers of argillaceous shales; 
4 - quartz-diorites; 5 - monzonites; 6 - syenites and syenite-porphyries; 
7 - granites and granite-porphyries; 8 - andesite and dacite dikes; 9 - 
magnetite-pyroxene, farnet-pyroxene, amphibole, and vesuvianite skarns. 


| 4. Plugging of the volcano pipe by crystal- 
lizing andesites or andesite-basalts. 


In the last three years manifestations of 
jmercury were found to be associated with the 
subvolcanic intrusions of Upper Cretaceous 
ge.in the Polousnyy Range (in the region of 
Kalychan and Nal'chik, according to M. A. 
Galkin's data), and the metalliferous potenti- 
alities in the Ulakhan-Sis Range were establish- 
2d with respect to gold. Gold-bearing zones of 
sulfidized andesites were located by us in the 
vicinity of Mount Polevaya, andI.N. Karbivnich 
jiscovered emulsion gold in the Zeysk deposits 
jassociated with the subvolcanic intrusion of 
imonozites in the Kandidatskaya Mountains. 


| The metal content of the volcanic formations 
in the Kondakovskoye upland is still amost un- 
istudied. According to G.I. Mikheyev, the 
effusives and volcanic tuffs around Kotel 
‘Mountain are enriched by pyrites and magnet- 
ite, which together account for up to 5% of the 
rock volume. 


CONCLUSIONS 


Mineralogical and petrographic investigations 
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carried out by us in recent years (1951-1959) 
in northeastern Yakutiya made it possible for 
us to outline the described pattern of volcanic 
activity, and for the first time to establish 
certain data on the metal content of the volcanic 
formations and complexes of subvolcanic in- 
trusions. 


Characteristic of the central part of the 
Kolyma central massif (Alazeysk uplift) is the 
intense volcanic activity developing throughout 
the entire Mesozoic period. Among the volcanic 
formations, mainly of acid composition, 
the volcanic tuffs clearly predominate, with 
the effusives and subvolcanic intrusions playing 
only a subordinated role. Very little is known 
of the metal content of the volcanic formations 
of the Alazeysk uplift. All of the known titanium, 
iron, tin, and gold ore manifestations are as- 
sociated with subvolcanic minor intrusions which 
accompanied the volcanic activity throughout all 


five stages. 


In the marginal geanticlines of the Kolyma 
central massif intense volcanic activity began 
to develop in Upper Jurassic time when a series 
of deep-seated faults developed, including the 
main Kolyma fault at the junction of the 
Paleozoic carbonaceous and Mesozoic 
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schistose-sandstone series. Along with the ex- 
trusion of lavas along the fissures, volcanoes 
of the central type developed in certain deep 
faults (Saltaga-Tas Mountains in the Selennyakh 
Ridge, the Dogdinsk trough in the Tas-Khay- 
akhtakh Range). Very characteristic of the 
volcanism in the marginal geanticlinal zones 

in the Kolyma central massif are the pre- 
dominance of average-composition lavas over 
basic and acid lavas; an exceedingly weak de- 
velopment of volcanic tuffs; a more intense 
manifestation of subvolcanic intrusions than in 
the Alazeysk uplift; and finally, diversified 
mineralization, including deposits of commer - 
cial importance. Mercury and titanium were 
discovered in association with the effusives in 
the Tas-Khayakhtakh and Andrey-Tas Ranges. 
Some subvolcanic intrusions appear to be 
metalliferous with respect to gold, titanium, 
iron, and rare metals. 


In the Verkhoyansk-Kolyma Mesozoic folded 
zone all volcanic formations are localized in 
the northern section which embraces the 
Polousnyy and Ulakhan-Sis Ranges and the 
Kondakovskoye uplift, and in the zone of the 
main Kolyma fault (the western part of Selennykh 
Ridge). The laval flow was extruded under sub- 
aerial conditions along the fissure zones or 
from central vents (volcanoes of the Kondakov- 
skoye plateau, the Dzhakhtardakh Mountains in 
the Polousnyy and Ulakhan-Sis Ranges). 


Unlike the Kolyma central massif, rhyolites 
and dacites are clearly predominant among the 
volcanic formations of Upper Cretaceous age 
here. Andesites are of very secondary signi- 
ficance. The Upper Cretaceous volcanic 
activity is characterized by lava extrusion of 
primarily andesitic composition from linear 
fissures and the systems of the central type. 
Pyroclastic formations have a very limited de- 
velopment only near the volcanoes. Volcanic 
activity in all of the stages was accompanied 
by injection of numerous subvolcanic intrusions, 
of which the Lower Cretaceous formations are 
potentially metalliferous with respect to rare 
metals, particularly to tin, and, with regard to 
gold and rare metals — the Upper Cretaceous 
— Paleogene magmatic complexes. 
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THE PREDOMINANT STRUCTURES OF NORTHEASTERN CHINA AND 
OF THE ADJACENT TERRITORY OF THE SOVIET FAR EAST! 


by 


Yu. A. Khodak and Sung Shu 


The paper describes the principal geologic problems of northeastern China and the adjacent 
territory. The main geotectonic features and structures formed by the corresponding structural 
stages are identified, and a series of deep-seated regional faults striking in four directions is 


delineated. 


In the course of work by the Amur (Council 
of the U.S.S.R. Academy of Sciences for the 
Study of Productive Resources) and Heiluntsiang 


(the Academy of Sciences of the Chinese People's 


Republic) complex expeditions, the authors have 
investigated an extensive area of northern 
China extending from the Greater and Lesser 
Khingan Ranges and the Khanka region to the 
Liaotung Peninsula and Korea, an area of 

about 1 million square kilometers, and also the 
adjacent areas of the Soviet central Amur re- 
tion. 


THE MAIN GEOTECTONIC FEATURES 


The investigated areas are situated at the 
junction of the largest geotectonic features: 
the Chinese-Korean Pre-Sinian shield, the 
Mongolian-Okhotsk folded belt, and the 
Sikhote-Alin" Mesozoic folded zone. The area 
is characterized by complex block structure, 
with repeated and non-synchronous manifesta- 
tions of folding and magmatism in different ~ 
zones, as well as by the presence of central 
massifs detached from the shield during the 
Hercynian folding and representing the 
remnants of the northwestern offshoot of the 
ancient Chinese platform (Figures 1-3). De- 
veloped in these regions are various complexes 
of sedimentary and igneous rocks ranging from 
the Lower Proterozoic through the Cenozoic. 


The oldest geotectonic feature in the region 
— the Chinese-Korean shield — is situated with- 
in the boundaries of Liaonin Province, the 


1Glavneyshie struktury severo-vostoka Kitaya i 
sopredel'noy territorii Sovetskogo dal'nego vostoka, 
(pp. 97-110). 
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southeastern part of Girin province, and Korea. 
It is characterized by an extensive development 
of Pre-Sinian metamorphic formations and 
granitoids. Two structural stages of the folded 
basement can be identified in the shield, and 
ascribed tentatively to the Lower and Upper 
Proterozoic. They were disrupted by Pre- 
Sinian (mostly Pre-Upper Proterozoic) grani- 
toids [16, 18]. The structural stages of the 
platform mantle correspond to the Sinian- 
Ordovician, Middle Carboniferous — Permian, 
Mesozoic (Jurassic-Cretaceous), volcanic in 
places, and the Cenozoic, sometimes represent 
by basalts. In some places the shield exhibits 
zones of Hercynian granitoids which disrupt the 
deposits. On certain occasions minor intrusion 
of, possibly, Yanshan granitoids also may be 
identified. 


North of the shield is the southern offshoot 0: 
the Mongolian-Okhotsk folded belt, which hence 
forth will be called the Dunbey-Priamurian 
Hercynian folded zone. This offshoot is char- 
acterized by generally northeasterly striking 
Hercynian structures and by platform-type Mes 
zoic structures (unstable-platform structures) 1 
contradistinction to the sublatitudinal strike of 
the Middle Paleozoic and older structures of the 
northern offshoots in the mountain belts and 
ranges of Tukuringra and Dzhagdy, belonging tc 
the Mongolian-Okhotsk folded zone proper (ac- 
cording to L.I. Krasnyy's concepts [6]), where 
the Mesozoic folded structures are composed 0} 
both continental and marine formations. 


The Dunbey -Priamurian Hercynian folded 
zone covers the area from the central Greater 
Khingan to the Badzhal'skiy Range and the Ussu: 
River, from the northern slope of the shield 
(along a line between Chifyn' to Yangs'tce) to th 
southern slopes of the Tukuringra and Dzagdy 
Ranges. The area is characterized by an un- 
usually extensive development of Paleozoic 
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FIGURE 1. Map of the geologic position of Northeastern China within the 
overall structural configuration of Eastern Asia. 


Compiled by Yu.A. Khodak (1958-1960). 1 - Archean folding; 2 - Proterozoic (Pre- 
Sinian) folding; 3 - Bureinsk-Girin offshoot of the Chinese-Korean shield; 4 - 
Baykalian and Riphean foldings; 5 - Baykalian-Caledonian (in the eastern part) 
and Caledonian (in the western part) foldings; 6 - Hercynian folding; 7 - Meso- 
zoic (lyen'shanian) folding; 8 - Cenozoic folding; 9 - Mesozoic effusives of the 
Greater Khingan; 10 - Mesozoic major troughs; 1] - the main zones of lyen'shanian 
: diastrophism in the ancient basement; 12 - trends of folds: Pre-Sinian (Pt), 
Sinian-Lower Paleozoic (Sn-Pz; Sn-Cm), Hercynian (Pz); 13 - the northern boundary 
of the ancient Chinese platform. 


nitoid massifs (especially Hercynian) which Proterozoic) granitoids. One also may observe 
imilated a considerable part of the Pre- here the Sinian-Cambrian folded mantle intruded 
30zoic rocks and which form a huge, multi- by Caledonian granitoids. Identifiable upward in 
se batholith. In the Hercynian folded zone the section are the structural stages of the 


3 possible to distinguish two structural stages Hercynian folded basement, which correspond 

ne Pre-Sinian basement, which we compared to the Silurian (?)-Devonian, Carboniferous- 

| the complex [16, 18] overlying the Archean Permian and are disrupted by Early (Pre- 

ae Aldanian shield. These stages are dis- Carboniferous -- Permian) and Late Hercynian 
ed by Pre-Sinian (primarily Upper granitoids. The structural stages of the platform 
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mantle correspond to Mesozoic (Jurassic- 
Cretaceous) formations, which are frequently 
ot volcanic origin, and which sometimes 
contain minor intrusions of lyenshanian grani- 
) toids, and to Cenozoic formations represented 
| by basalts. 


The Dunbey-Priamurian Hercynian folded 
zone displays a number of major tectonic fea- 
| tures representing a system of upthrust and 
down ~-faulted blocks of the Pre-Sinian and 
Paleozoic folded basement: 


1. The Hercynian zone of the Greater 
Khingan (and western Lesser Khingan) is char- 
acterized by the widespread development of 
Middle Paleozoic geosynclinal deposits and the 
Early Hercynian granitoids cutting across 
them. Vast (areally) fields of Mesozoic ef- 

d fusives fringe the eastern Greater Khingan 
from west to east and separate it from the 


FIGURE 2, 


Khingan-Bureinsk, Vandaashansk, and Ussuri- 
Khanka massifs incorporated by E. Liangtsiun 
and Yu. A. Khodak [4, 17] in the disrupted 
Khegansk massif.” 


Well developed in the Vandaashansk massif 
are Pre-Sinian granitoids which also may be 
noted locally in other massifs. Vast areas 
along the fringes of the uplift are occupied by 
Hercynian granitoids. Mesozoic coal measures 
and effusive formations are extensive. Sinian- 
Cambrian folded structures and the Caledonian 
granitoids cutting them, occur on the northern 
and northeastern fringes of the uplift. In the 
northern part of the uplift at the junction with 
the Mesozoic folded belt is the meridional 
Bureinsk foredeep filled with a thick formation 
of folded Mesozoic coal measures. 


4. The Amur-Khanka subsidence area 
is filled with continental-lacustrine 


Tectonic map of Northeastern China and the adjacent territories .. 


Compiled by Yu.A. Khodak and Sung Shu (1958-1959). A. Zone of Pre-Sinian folding. Structural 
stages of the folded basement: 1 - lower stage: Lower Proterozoic deposits; 2 - Upper stage: 
Upper Proterozoic deposits; 3 - undifferentiated Proterozoic deposits; 4 - boundaries of Protero- 
zoic anticlinoria and synclinoria; 5 - Sinian-Paleozoic platform mantle of the folded basement; 

6 - troughs in the Pre-Sinian basement filled with Sinian-Cambrian deposits; 7 - Subsidence zones 
of the Pre-Sinian basement and the Paleozoic platform mantle, overlain by thin Mesozoic forma- 
tions. B. Zone of Hercynian folding. 8, 9 - deposits of the folded Middle and Upper Paleozoic 
(8 - geosynclinal deposits, 9 - parageosynclinal deposits); 10 - Middle and Upper Paleozoic fold- 
ed structures covered by a formation of Mesozoic-Cenozoic deposits; 1] - boundary between the Pre- 
Sinian and Hercynian zones of folding. C. Zone of Mesozoic folding. 12 - the lower structural 
stage, Middle Carboniferous - Lower Triassic deposits; 13 - the middle structural stage, Triassic- 
Jurassic deposits; 14 - the upper structural stage, predominantly Jurassic - Lower Cretaceous de- 
posits; 15 - boundary between the zones of Mesozoic and Hercynian foldings. 

Other symbols: 16 - Pre-Sinian granitoids; 17 - Pre-Sinian and Caledonian (?) granitoids; 18 - 
Caledonian and Hercynian granitoids; 19 - Hercynian granitoids; 20 - lyenshanian granitoids in the 


/ ian folded structures: 


zone of Mesozoic folding and Early Cenozoic granitoids; 21 - superimposed Mesozoic basins, often 
containing acid and average effusives; 22-24 - zones of Cretaceous effusive development, basic 
(22), normal (23), acid (24), and their tuffs; 25 - Mesozoic-Cenozoic Khana depression; 26 - 
buried Mesozoic anticlinal structures of the Sungliao depression; brachyanticlines; 27 - Tertiary 
superimposed basins; 28 - fold trends; 29 - deep-seated faults of ancient origin reactivated in 
the Mesozoic-Cenozoic; 30 - grabens filled with Tertiary deposits; 31 - fields of Cenozoic basalts; 


32 - volcanoes, 


structures of the Argun' uplift and the Soviet 
Transbaykal regions already related to the 
northern offshoot of the Mongolian-Okhotsk fold- 
ed belt. 


2. The Zeysk-Sunliao subsidence area is 
filled with platform-type continental-lacustrine 
Meso-Cenozoic deposits overlying the Hercyn- 
This area is divided by 
the central zone of Lesser Khingan composed 
of Hercynian granitoids and Cenozoic basalts, 
into the Zesk-Bureinsk and Sunliao basins. 


3. The Bureinsk-Girin uplift, together with 
the Ussuri-Khanka block detached from the 
former, represent the northeastern offshoot 
of the ancient Chinese platform which was re- 
worked by Hercynian folding. Pre-Sinian 
central massifs, separated by zones of Upper, 
and occasionally Middle Paleozoic folded struc- 
tures, are identifiable within the limits of the 
uplift. The largest massifs are the 
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Mesozoic-Cenozoic deposits. This area encom- 
passes the Amur-Sungari and Khanka basins, 
which separate the offshoots of the ancient 
blocks of the northern Nadan'khad-Alin', which 
are overlapped by Mesozoic geosynclinal struc- 
tures, as well as of the Fynmishan'. The sub- 
sidence area is located at the junction with the 
Mesozoic folded belt. 


5. The Ussuri-Khanka Pre-Sinian massif, 
investigated in Soviet territory by N. A. 
Belyaevskiy [2] and Yu. Ya. Gromov [3], is 
situated at the boundary with the Mesozoic belt. 
Well developed in the southwestern part of the 
massif are Sinian-Cambrian folded structures 
with intruding Caledonian granitoids, forming 
a wide geosynclinal zone in the vicinity of the 


2According to L.I. Krasnyy's and A.M. Smirnov's 
nomenclature — Buriensk-Khegansk massif. 
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city of Spassk. The western part of the massif 
is strongly disrupted and is buried under the 
Mesozoic Khanka depression. 


The Sikhote-Alin' geosyncline, which is a 
part of the East-Asiatic belt, was formed east 
of the described features on the extension of 
the Hercynian folds in the Triassic. In these 
regions one finds Triassic-Jurassic geosyn- 
clinal marine deposits. Two structural stages 
of Mesozoic formations can be identified in 
them. The lower stage forms a folded base- 
ment and is represented by Triassic -Middle 
Jurassic (?) deposits cut by granitoids, massifs, 
and ultrabasic and basic rocks. The upper stage 
consists of less-folded Upper-Jurassic (?) — 
Cretaceous coal-bearing deposits. 
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REGIONAL DEEP-SEATED FAULTS 


A system of regional deep-seated faults of 
ancient origin, described by Yu. A. Khodak in 
1958-1959, is developed in the territory of 
northeastern China and adjacent areas. This 
fault system broke up the Pre-Sinian basement 
into large blocks and was again active in the 
Paleozoic, Mesozoic, and Cenozoic. These 
faults are similar to the deep-seated faults 
described by A. V. Peyve [9-12], V.M. Sinitsyn 
[12-14], and A. Kh. Ivanov [5]. 


The shield is separated from the Hercynian 
folded zone by the grandiose Chanbay-Alashan' 
latitudinal deep-seated fracture zone clearly 
traceable from the city of Yan'tzsi to the 
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Alashan' and farther west. On the north the 
Dunbey -Priamurian Hercynian zone is delimited 
by the South Tukuringra-Dzhagdy sublatitudinal 
(SEE) deep-seated fracture zone [ 2a, 6]. 


along the western edge of the Khingan-Bureinsk 
massif to the Dzhagdy Range. 


3. The Chanday-Blagoveshchensk fault passes 
through the body of the shield in Central Chan- 
bayshan, follows the eastern fringe of the 
Sunliao basin toward the city of Blagovesh- 
chensk, then passes north of it under the mantle 
of Mesozoic-Cenozoic deposits, where 
meridional basement structures were identified 
and still farther on, along the eastern fringe of 


‘ Meridional deep-seated faults, which have 
disrupted its ancient basement and shield, are 


found in the eastern part of the Hercynian folded 
zone. 


l. The Vladivostok-Bureinsk meridional 


FIGURE 3. Map of tectonic zoning in Northeastern China and adjacent territories 

a - zone boundary between Pre-Sinian and Hercynian foldings; b - zone boundary between Hercynian 
and Mesozoic foldings; c - boundary between the structural features; d - deep-seated faults of 
ancient origin reactivated in the Mesozoic-Cenozoic (the direction of block subsidence is in- 
dicated). Compiled by Yu.A. Khodak (1958-1960) 

Principal tectonic features (figures as shown in the diagram). The Chinese-Korean Pre-Sinian 
shield: 1 - the Liaosin block; 2 - Liokhean Mesozoic trough; 3 - Liaokhe-Yalutzyan block; 4 - 
Chaybay-Korean block (4a - detached Khelun massif, 4b - Tedonganian basin). The Mongolian- 
Okhotsk folded belt (the southern - Hercynian offshoot - Dunbey-Priamurian folded zone). The 
Hercynian zone of the eastern Greater Khingan and western Lesser Khingan; 5 - geanticlinal zone 
of the eastern Greater Khingan; 6 - Dayanshuian Mesozoic trough; 7 - western Lesser Khingan ge- 
anticlinal zone. Zeysk-Sunliao subsidence area; 8 - Zeysk-Bureinsk Mesozoic basin; 9 - Central 
Lesser Khingan uplift; 10 - Sunliao Mesozoic-Cenozoic basin (10a - Kayluian Paleozoic trough, 
10b - sunken Tunliao shield offshoot, 10c - Central Sunliao sunken arch). Bureinsk-Girin uplift 
(northeastern offshoot of the Chinese-Korean Shield): Pre-Sinian central massifs; 11 - Khingan- 
Bureinsk massif (lla - Sinian-Cambrian trough of the eastern Lesser Khingan); 12 - Vandaashanian 
massif (12a - Dakhechzhenian nose); 13 - the strongly disrupted Ussuri-Khanka massif (with super- 
imposed Khanka Mesozoic basin). Middle Paleozoic structure-facies zones at the edges of the 
Bureinsk-Girin uplift; 14 - Laoelino-Tanvankhean geosynclinal zone (12a - Tsinkheyshan, 14b - 
Yuytsyuan, l4c - Chzhanguantsai subzones); 15 - The Girin geosynclinal zone; 16 - Budzhano- 
Fen'shuygan geosynclinal zone (16a - with superimposed Amur-Sungari basin); 17 - Tumyn'- 
Brodekovo geosynclinal zone (17a - Grodekovo, 17b - Taypinli, 17c - Yanbyan subzones). The 
East-Asiatic folded belt; 18 - Bureinsk trough; 19 - Badzhal'sk geenticlinal zone; 20 - 
Nadan'khada-Alin'! anticlinorium; 21 - Bikinsk synclinal zone; 22 - Daubikhinsk geosynclinal zone. 
Deep-seated faults: | - Chanday-Alashan; 11 - Khana-Taonan; |11 - Vladivostok-Bureinsk; IV - 
Bureinsk-Chengdinsk; V - Chanbay-Blagoveshchensk; VI - Western Sunliao; VII - Selemdzi-Liaokhe; 
VIII - Northern Bureinsk-Liaokhe; IX - Southern Bureinsk-Liaokhe; X - Sungari-Liaokhe; XI - 
Girin-Fen'shuili; X11 - Khaykay-Yalutszyan; XIII - West Sikhote-Alin'; XIV - Yan'tspo-Dun'khua; 


XV - Girin; XVI - Sungari-Nuntszyan; XVII - Yalukhe; XVIII - North Fen'shuigan; XIX - Lesser 
Khingan; XX - Nun'tszyan-Beyan'; XX1 - Kheykhe-Khyma. 


fault is traceable along the eastern edge of the 
Bureinsk-Girin uplift from the outskirts of 
Vladivostok northward along the eastern fringe 
of the Suyfun basin, then farther east along the 
eastern fringe of the Vandaashansk? and 
Khingan-Bureinsk massifs, across the regions 
of the cities of Mishan', Baotsina, Birobidzhan, 
along the Bureinsk trough to the westward turn 
of the ancient folds in the southeastern part of 
the Dzhagdy Range. | 


2. The Bureinsk-Chengdinsk fault delimits 
the Pre-Sinian massifs on the north and can be 
traced northward from the city of Chengdin 
(Korea) along the Kayakhe River, following 
the Upper Paleozoic Kayakhe fault mapped by 
M.G. Organov, then farther along the 
Mudan'tszyan River to the Ilanya River, and 


3In these regions the fault coincides with the 
Sinkaysk structural fracture zone, according to 
M.G. Organoy [19]. 
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the Depsk syneclise to the junction of the 
Tukuringra and Dzhagdy Ranges. 


A series of central Greater Khingan deep- 
seated faults is distinguishable in the western 
regions of the Hercynian folded zone. These 
faults proceed along the zone of Mesozoic ef- 
fusives and divide the Greater Khingan into the 
Argun’ and eastern Great Khingan uplifts and 
the basin between them. 


Here one finds a series of northeasterly 
faults which have split the shield, the Hercyn- 
ian and Mesozoic folded zones. 


1. The western Greater Khingan fault 
separates the Mesozoic effusives trough in the 
central Greater Khingan from the Argun’ uplift. 


2. The west Sunliao fault extends along the 
western edge of the Depsk syneclise and passes 
farther southwest along the upper reaches of the 
Nun'tszyan River, then along the western edge 
of the Sunliao basin, and is traceable from the 
city of Chifyn’ to Peking. 
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3. The Selemdzhi-Liaokhe fault follows the 
Nora, Selemdzhi, and Zeya Rivers and then to 
the southwest along the Sun'usk graben and the 
eastern edge of the central Sunliao subsidence 
arch toward the city of Tzin'chzhou and the 
mouth of the Kuankhe River. 


4. The north and south Bureinsk-Liaokhe 
faults are, respectively, traceable along the 
Bureya, Khulan'khe, and Amgun' Rivers in the 


direction of the cities of Foshan’ and Yuytsyuan’'. 


5. The Sungari-Liaokhe (lower Amur- 
Liaokhe) fault extends downstream along the 
Amur River (from the city of Nikolayevsk to 
the mouth of the Sungari River)‘ and then in a 
southwesterly direction along the Sungari River 
to the city of Tunkhe (separating the Khingan- 
Bureysk and Vandaashansk massifs), along the 
Sunliao graben through the regions of the cities 
of Girin and Shen'yan, and along the eastern 
shore of the Liaotung Bay. The Ilan'-Kukan 
fault is an offshoot of the Sungari-Liaokhe 
fault, and can be traced along the western 
fringe of the Middle Paleozoic trough and the 
Amur-Sungari basin which has developed over 
it, from the city of Ilan’ to the city of Biro- 
bidzhan. L.I. Krasnyy traces this fault farther 
to the northeast along the Kukan River. 


6. The Khankay-Yalutszyan fault follows 
the eastern fringe of the Nadan'khada-Alin' 
Mesozoic folded zone and passes to the south- 
west of it. It separates the Vandaashansk 
and Ussuri-Khankay massifs and, proceeding 
along the upper course of the Mudan'tszyan 
River, then follows the Yalutszyan River, 
reaching the west Korean Gulf. 


7. The western Sikhote-Alin'’ fault (named 
by N. A. Belyaevskiy [1]) separates the 
Hercynian and Mesozoic folded zones and runs 
along the eastern edge of the Ussuri-Khankay 
massif. The fault apparently extends in a 
southwesterly direction following the western 
shore of the Sea of Japan to the city of Wonsan 
(Korea) and then northeastward to the city of 
Komsomol'sk. 


The northwestern faults cut through the 
Hercynian folded zone. The series of Girin 
faults extends from the city of Yantszi north- 
westward to the Argun’ River. The Yantzsi- 
Fun'khua fault extends along the northern 
fringe of the shield. The Girin fault, whichis 
a continuation of the former, separates the 
Panshi-Girin and Chzhanguantsayli structural 
zones. The Sungari-Nun'tszyan fault bounds 
the central Sunliao arch on the south and may 
be traced along the lower reaches of the 


4L.1. Krasnyy traces the fault along the Amur 
River from Khabarovsk to Komsomol'sk. 
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Sungari and Nun'tszyan Rivers from the city 
of Girin to the mouth of the Yalukhe. The 
Yalukhe fault textends along the Yalukhe and 
the northwestern edge of the Dalaynora basin 
dividing the Greater Khingan. 


North of the Girin faults there is a series of 
Khankay-Greater Khingan northwesterly and 
northwest-westerly deep-seated faults (named 
after the Khanka Lake and the Greater Khingan 
Range). These faults extend from the city of 
Mishan' along the Voken' Mesozoic basin to the 
Ilan' River (Voken' fault), and northwestward 
from there to the upper reaches of the Nemer 
River, along the northern edge of the Sunliao 
basin (Nun'tszyan-Beyan' fault), and west of 
Nun'tszyan along the Gan'khe (Gan'khe fault). 
These faults were named after the Voken' and 
Gan'khe Rivers and the cities of Ilan', Beyan', 
and Nun'tzsyan). 


The series of Amur faults is traceable from 
the southern fringe of the Amur-Sungari basin 
to northwestern Greater Khingan. The North- 
Fen'shuigan sub-latitudinal (SWW) fault passes 
along the southern edge of the Amur-Sungari 
basin to the city of Tszyamusy. The Lesser 
Khingan fault splits the Zeya-Sunliao sub- 
sidence area into the Zeya-Bureya and Sunliao 
block (basins) and is traceable along the Lesser 
Khingan Range. The Kheykhe-Khuman fault ex- 
tends along the western boundary of the Zeya- 
Bureya basin following the Amur River from 
the city of Khaykhe to a point south of the city 
of Magdagachi. 


These deep-seated faults are identifiable and 
traceable by the highly varied regional strikes 
of the structures, by the zones of Mesozoic and 
Cenozoic effusives, and by the changing facies 
and thicknesses of the Paleozoic deposits, zones 
of fracture and folding, the aplitic and pegmati- 
tic zones in the Paleozoic granitoids, the zones 
of endogenic mineralization, by geomorphologi- 
cal features (trends of ranges, major rivers, 
the outlines of lowlands, etc.), by geophysical 
data, etc. The described system of deep- 
seated faults is responsible for the block 
(faulted) structure and the metallogeny of the 
region. 


THE PRINCIPAL STRUCTURES 


The Proterozoic metamorphic rocks of the 
shield and of the ancient central massifs in the 
Hercynian folded zone form linearly-extended 
structures of the geosynclinal type: anti- 
clinoria and synclinoria. The Lower Protero- 
zoic deposits make up the cores of the anti- 
clinoria, while Upper Proterozoic sediments, 
inheriting the structural pattern of the Lower 
Proterozoic structures, comprise the cores of 
the synclinoria. One distinguishes the Liaotung, 
An'shan-Khelun (on the shield), Mudan'tszyan, 
Ilan’, Khulin', Dakhechzhene-Iman, the eastern 
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and the western Khingan-Bureyan geanticlines, 

| the Dashitszyan-Lin'tszyan (on the shield), 

) Mashan'-Spassk, Fen'shuigan-Tamgin, Khingan- 

| Bureyan synclinoria. Within the shield, be- 

| tween the Liaokhe and Yalutszyan Rivers, the 

f} structures can be traced in a sub-latitudinal 
(NEE) direction. In the Khanka-Yalutszyan 

fault zone they assume a southeasterly trend. 


‘ North of the shield the Proterozoic structures 


} form a large sigmoidal fold which is traceable 

+ from the Dzhagdy Range along the Bureya Range, 
} Fen'shuigan and Foelin, to the Ussuri-Khanka 
region. Within the confines of this region it is 

' possible to identify ancient blocks, character- 
ized by a definite strike of the Proterozoic 
structures. These blocks are bounded by the 
above mentioned deep-seated faults. The 
Liaokhe-Yalutszyan shield block displays a 
northeast — east trend, the Chanbay-Korean 
block strikes to the southeast, the Vandaashan 
block has a sublatitudinal trend, the Ussuri- 
Khanka — southeasterly, the South Primor'ye® — 
southwesterly, the Khungan-Bureya — north- 
easterly, the Eastern Dzhagdy block — north- 

_ westerly, strikes. The corresponding changes 
in the block-structure strikes coincide with 

_ the deep faults which cut them. This permits 
us to identify the trends of the Proterozoic 
structures in the ancient sunken blocks as 
northwest and sublatitudinal in the southeastern 
part of the Sunliao depression, northeasterly in 
the Lesser and Greater Khingan, and latitudinal- 
ly in the northern part of the Zeya-Bureya basin. 


The Pre-Sinian granitoids are spatially and 
structurally related to the Proterozoic deposits 
which have been considerably assimilated by 
the former. Abundant in the shield are the 
Pre-Upper Proterozoic granitoids which have 
regionally and highly migmatized the Lower 
Proterozoic deposits. The massifs of the 
Upper Proterozoic (?), Pre-Sinian granitoids 
are confined to the margins of the synclinoria. 
In the Hercynian zone the Pre-Sinian granitoids 
have, in places, intensively migmatized the 
Proterozoic deposits and form the core of the 
Vandaashan' central massif consisting of the 
major Fen'shuigan, Foelin, and Kentey grani- 
toid intrusions. 


As a result of Pre-Sinian folding, two zones 
having a consolidated basement appeared in the 
general structure of the region: a) the shield, 
which represents a zone already considerably 
consolidated toward the end of the Lower Pro- 
terozoic; and b) the northeastern offshoot of the 
shield, constituting a zone of more recent 
(Upper Proterozoic) consolidation, having 
smaller zones stabilized. Regions with varying 
types of structures can be discerned among the 


5The South-Primor'ye block is located in the 
Sikhote-Alin' Mesozoic folded zone, where in- 
dividual outcrops of Proterozoic despoits can be 
observed. 
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Sinian-Lower Paleozoic formations. On the 
shield the Sinian-Ordovician weakly folded 
deposits form relatively large superimposed 
basins of the platform type. The basins have in- 
herited a number of structural features of the 
Sinian structures and are elongated along the 
strike. The trends of the basins in the western 
part of the Liaokhe-Yalutszyan block are lati- 
tudinal and sublatitudinal (NEE), and in the 
eastern part, northeasterly. 


Within the limits of the Bureya-Girin shield 
offshoot the Sinian-Cambrian folded deposits 
occur in linearly extended troughs over the 
ancient rock massifs. To a definite degree 
the troughs were inherited from the Pro- 
terozoic and they make up the cores of the more 
downwarped parts of the ancient synclinoria. 
The troughs are developed in the Bureya River 
basin where they have a southeasterly trend. In 
the Soviet Lesser Khingan they can be traced in 
the submeridional (SSW) direction along the 
right bank of the Amur River, where they 
plunge under the Mesozoic Amur-Sungari de- 
pression and bound the northern fringe of the 
Vandaashan' massif. South of the city of 
Tszyamusy in the Vandaashan massif there are 
no Sinian-Cambrian deposits. Sinian-Cambrian 
folded structures reappear farther east on the 
right bank of the Ussuri River and in the Lake 
Khanka region. Here, like the Proterozoic 
structures, they have a southeasterly strike. 

In the vicinity of Spassk, Sinian-Cambrian de- 
posits form a wide synclinoral zone confined 

to the deepest and the widest part of the Upper 
Proterozoic synclinorium. Toward the north the 
zone dips under the Mesozoic Khanka basin and 
terminates on the southeastern slope ot the 
Vandaashan' massif. 


Judging by individual uneroded troughs there 
was a large sigmoidal fold composed of the 
Sinian-Cambrian folded structures and the con- 
comitant Caledonian granitoids which are 
traceable along the trends of the Proterozoic 
folds from the Dzhagdy Range, the Bureya 
Range, to the right bank of the Ussuri River. 


Sinian-Cambrian structures are also develop- 
ed under the Mesozoic deposits in the Zeya- 
Bureya basin. According to A. P. Glushkov, 
they have southeast (in the northern part of the 
basin) and southwest (in the southern part) 
strikes and assume a more and more geosyn- 
clinal character toward the southwest. These 
structures can be traced in a southwesterly 
direction under the mantle of more recent de- 
posits all the way through the Lesser Khingan 
and the northwestern part of the Sunliao basin 
into the area of the Greater Khingan. 


It should be noted that the remnants of the 
granitoid-assimilated Cambrian (?) structures 
having a sublatitudinal (SWW) strike are identi- 
fiable in southern Tsinkheyshan (west of the city 
of Tszyamusy) at the junction of the 
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Khingan-Bureya and Vandaashan' massifs. In 
the west they abut on the buried Sinian- 
Cambrian structures of the Sunliao depression. 


The Caledonian granitoids which cut the 
Sinian-Cambrian deposits and are spatially 
related to them, are widespread in the Khingan- 
Bureya massif. Here they form large massifs 
and, together with the ancient granitoids, mig- 
matize the cores of the Pre-Sinian geanticlines. 
Caledonian granites are to be found also in the 
Ussuri-Khanka massif. 


The Khingan-Bureya, Ussuri-Khanka, and 
Vandaashan' massifs have undergone subsequent 
consolidation and expansion as a result of 
Baykalian-Caledonian folding. The Vandaashan 
structures were not directly subjected to 
Baykalian-Caledonian folding. 


In the Middle and Upper Paleozoic the dif- 
ference between the shield structures and the 
structural features of the Hercynian zone is 
expressed even more clearly than in the Pro- 
terozoic, Sinian, and Lower Paleozoic. Middle 
Paleozoic deposits are not to be observed in the 
shield. The moderately developed Upper Paleo- 
zoic deposits comprise the local superimposed 
basins of the platform type. These basins 
frequently are confined to Sinian-Ordovician 
troughs. It should be noted that within the 
limits of the shield the Hercynian, and possibly 
also Iyenshanian, granitoid masses coincide with 
the zones of deep-seated northeasterly faults. 


In the Hercynian zone Middle and Upper 
Paleozoic deposits form structures of the geo- 
synclinal and parageosynclinal type, intruded 
by large massifs of synorogenic Early (Pre- 
Carboniferous — Permian) and Late-Hercynian 
granitoids of different phases. It is possible to 
isolate a number of major structure-facies 
zones consisting of different complexes of 
Middle and Upper Paleozoic formations and 
separated by the reactivated deep-seated faults, 
primarily of northeasterly and northwesterly 
trends. 


1. The eastern Great-Khingan geanticlinal 
zone made up of Middle and Upper Paleozoic geo- 
synclinal structures with northeastern strike 
and the intruding syntectonic Hercynian (pri- 
marily Pre-Carboniferous — Permian) grani- 
toids. 


2. The western Lesser-Khingan geanticlinal 
zone is composed of Devonian geosynclinal 
structures forming wide linear submeridionally 
(NEE) trending folds. Superimposed upon them 
are local basins filled with slightly folded Car- 
boniferous-Permian formations. To a consider- 
able extent, these basins have inherited the 
pattern of Devonian structures. Well developed 
here are the syntectonic Pre-Carboniferous — 
Permian granitoids, mostly confined to the 
cores of major anticlines, and frequently 
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strongly migmatizing the Devonian deposits. 
The Hercynian folded structures of the western 
Lesser Khingan underlie the Mesozoic deposits 
in the Zeya-Bureya depression, exhibiting a 
different submeridional (NNE)*. strike in the 
zone of the Amur (Kheykhe-Khuma) deep-seated 
fault. In the northern part of the depression 
(approximately in the region of Mayskoye 
village) a westerly turn of the Devonian struc~ 
tures is noted. They extend onward to a junc- 
tion with the latitudinal structures in the north- 
ern offshoot of the Mongolian-Okhotsk belt. The 
remnants of the Devonian folded structures 
(assimilated by the Early Hercynian grani- 
toids), which in the northern part of the 

Bureya massif (basins of the Ul'ma, Byssa, 

and Niman Rivers) have latitudinal and sub- 
latitudinal (SWW) strikes, also belong to this 
zone. 


Along the western edge of the Bureya-Girin 
uplift from the Amur River along the Tainkhey- 
shan almost to the shield exposure near the city 
of Dun'khua, lies the large Liaoelin-Tanvankhe 
geosynclinal zone consisting of Upper Paleozoic 
structures of the parageosynclinal type and the 
intruding syntectonic Late Hercynian grani- 
toids. The zone is bounded by the Lesser 
Khingan, Changdin-Bureya, Khanka-Yalutszyan, 
Girin, and Chanbay-Blagoveshchensk deep faults, 
and is characterized by the general submeridio- 
nal (NNE) strike of the Upper Paleozoic struc- 
tures. The Hercynian structures lie on the 
Sinian, and in the northern part also on Caledon- 
ian basements. Identifiable in the zone are the 
Tsinkheyshan', Yuytsyuan', and Chzhanguant- 
sayli structure-facies sub-zones, separated by 
deep faults and composed of different complexes 
of rocks and structures. We shall mention only 
a few of the characteristics of some of the sub- 
zones. In the Yuytsyuan' zone the Carboniferous- 
Permian structures display a northwesterly 
trend and dip to the west under the Mesozoic- 
Cenozoic Sunliao depression, in the eastern 
part of which they exhibit northwesterly, and in 
the north — submeridional (NNW, NNE) strikes. 
In relation to the Chzhanguantsayli zone it 
should be noted that in its southern part the > 
structures have a southwesterly strike. 


On the northern slope of the shield is the 
Girin synclinal zone, separated from the 
Liaoelin-Tanvankhe geosynclinal zone by the 
northwestern Erdagou uplift (with outcrops of 
the Upper -Silurian (?) — Devonian) and by the 
Girin deep fault. The zone is made up of sub- 
platform Carboniferous (and Lower Carbonif- 
erous) and Permian folded structures resting on 
the Proterozoic basement, outcrops of which 
also may occur in the northern part of the zone, 


8 According to geophysical data, submeridional 
(NEE) basement structures may be traced east of 
Blagoveshchensk under the Mesozoic mantle. 
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and by the intruding syntectonic Late Hercynian 
granitoids. The structures show sub- 
latitudinal (NEE) in the southern part, and 
submeridional (NNW, NNE) strikes, in the 
northern part, forming a bend bulging toward 
the east. In the west the zone structures dip 
under the Mesozoic-Cenozoic formations of the 
Sunliao basin and join in the southwest with the 
Middle and Upper Paleozoic subplatform struc- 
tures of the Kaylu zone on the northern slope of 
the shield. Farther north, they abut on the 
Paleozoic geosynclinal structures of the Greater 
Khingan. 


It seems, that the buried subplatform Middle 
Paleozoic structures are not observable north 
of the Sungari-Nun'tszyan fault. The Selemdzhi- 
Liaokhe fault may serve as the easternmost 
limit of the buried Middle Paleozoic geosyn- 
Clinal structures of the Greater Khingan. 


Structure-facies zones of different ages, de- 
veloped on the Proterozoic (in the northern part 
also on the Caledonian) basement, are identi- 
fiable along the eastern edge of the Bureya- 
Girin uplift. Within the Amur-Sungari de- 
pression, the Budzhan-Fen'shuygan geosyn- 
clinal zone is buried under Mesozoic -Cenozoic 
deposits. The Middle Devonian subplatform, 
and Upper Paleozoic parageosynclinal deposits 
and the intruding Early (Pre-Carboniferous — 
Permian) and Late-Hercynian granitoids which 
make up the zone occur on its northern and 
southern fringes and within the limits of the 
Kheytszyan uplift, which complicate this zone. 
The uplift was identified by M. G. Organov and 
A.M. Smirnov [15, 10]. Northeasterly strikes 
characterize the zonal structures. South of the 
Bidzhan-Fan'shuygan zone and as far as the 
Taypinlin Range, remnants of the Middle- 
Devonian subplatform structures, almost en- 
tirely assimilated by Early-Hercynian grani- 
toids, are to be found at the junction of the 
Vandaashan and Ussuri-Khanka massifs. They 
are preserved only in isolated troughs coinciding 
with the ancient synclinoria (for example, the 
Kheytay trough) and have a sublatitudinal (SWW) 
trend. 


South of the Vandaashan' massif lies the 
Tumyn'-Grodekovo geosynclinal zone which 
may be traced in a southwesterly direction 
along the Taypinlin Range to the shield. The 
zone is made up of the folded Upper Paleozoic 
deposits of the parageosynclinal type and of 
the intruding Late-Hercynian granitoids. 


Identifiable in the zone (from north to south) 
are the Grodekovo, Taypinlin, and Yanbyan 
structure-facies sub-zones. The northern and 
southern sub-zones are characterized by out- 
crops of the Lower Proterozoic and a shorter 
Paleozoic sequence. Devonian deposits also 
occur in the northern zone. The Taypinlin sub- 
zone displays thick Upper Paleozoic formations 
(up to 10 km), partly of volcanic origin. 
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Distinguishable within the limits of the 
Hercynian folded zone are areas evidencing 
previous consolidation characterized by a con- 
siderable development of Pre-Carboniferous — 
Permian granitoids which were not exposed to 
the strong activity of the late phases of Hercyn- 
ian folding. They may be found in the Greater 
Khingan and in the western Lesser Khingan in 
the area of the Zeya-Bureya basin, in the north- 
ern part of the Khingan-Bureya massif, and at 
the junction of the Vandaashan' and Ussuri- 
Khanka massifs. 


East of the Selemdzhi-Liaokhe fault, including 
here the Mesozoic folded zone, the Hercynian 
geosyncline developed on the rigid Proterozoic 
basement, but in the northern and eastern parts 
of the Bureya-Girin shield offshoot, in the 
Mesozoic zone, on the Caledonian basement, 
and in essence began its development in the 
Upper Paleozoic (approximately, from the 
Middle, or perhaps in certain zones,- from the 
end of the Carboniferous). The Middle Paleo- 
zoic structures of these regions are of sub- 
platform type, and not infrequently are totally 
absent. 


West of the Selemdzhi-Liaokhe fault the geo- 
synclinal structures developed from the Pro- 
terozoic up to the Upper Paleozoic (often only 
until the beginning, or the middle, of the Car- 
boniferous). , 


Before the end of the Permian the Dunbey- 
Priamurian Hercynian folded zone passed into 
the state of mobile platform and became part of 
the shield. 


Geosynclinal conditions, after the appearance 
of the Hercynian folding remained only in the 
northern offshoot of the Mongolian-Okhotsk belt 
and in the Sikhote-Alin' region, and character- 
ized the platform thus created from north to 
east. 


The Mesozoic (Jurassic and Cretaceous) 
structures of this platform’ consist of variably 
dislocated, continental-lacustrine, and vol- 
canic formations. The degree of dislocation af- 
fecting the deposits diminishes primarily in the 
westerly direction, and in the major basins, 
also from the edges toward the center. 


In the Mesozoic and Cenozoic further differ - 
ential uplifts and downthrows of the folded base- 
ment blocks occurred. These movements 
began back in the Proterozoic, with the forma- 
tion of local subsidence blocks of the major 
troughs which contained slightly folded Mesozoic - 
Cenozoic, as well as undislocated Cenozoic, 


'Triassic deposits do not occur in these regions; 
indications of the existence of a Triassic crust of 
weathering may be found in A.M. Smirnov's paper 
[toes 
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deposits. Along the edges of the Bureya-Girin 
shield offshoot the Zeya-Bureya, Sunliao (on 

the western edge), Amur-Sungari, and Khanka 
(on the eastern edge) major depressions were 
formed, bounded by deep-seated faults. The 
Khanka basin, incidentally, formed at the 
junction of the Vandaashan' and the strongly 
dislocated Ussuri-Khanka massifs. The 
Kiaokhe trough was developed transversely to the 
ancient structures in the southern offshoot of 
Sunliao depression within the limits of the 
shield, between the Selemdzhi-Liokhe and 
Sungari-Liaokhe faults. This trough is filled 
with a thin formation of Mesozoic deposits de- 
posited on the Proterozoic basement and the 
Paleozoic platform mantle. Here, one observes 
a series of local superimposed basins, mostly 
of graben type, bounded by fractured zones and 
considerably dislocated Mesozoic formations. 


Regularly distributed chains of local basins 
confined to the edges of ancient structures are 
developed in the Amur-Sungari interfluve. The 
northeastern belt encompasses the Sutar, 
Foshan', Pote, Sindun', Khegan, Shuan'yashan’, 
and Baotsin basins. The sublatitudinal Voken' 
basin is located in che central zone. The south- 
ern belt includes the Mulin, Lin'kow, Ninan’, 
and Dunnin' basins. 


A number of local basins are also found in 
other regions of the Hercynian folded zone and 
the shield. They coincide where various struc- 
tures meet and with the zones of deep-seated 
and other faults (for example, the Yan'tszin’, 
Tszyaokhe, Suyfun basins, chains of minor 
basins in the shield). 


Well developed in the Hercynian folded 
zone are Mesozoic (Jurassic and Cretaceous, 
primarily Upper Cretaceous) effusives. 
Their fields are confined to the zones of the 
deep-seated faults, whose strikes are pre- 
dominantly meridional and northeasterly, 
which were reactivated by the lyenshanian 
movements. Effusive fields also may be found 
in the shield. 


The effusives cover vast areas in the Greater 
Khingan from the Kayluy Mesozoic trough to the 
Amur River. Two zones of effusives can be 
identified: a) the central Greater Khingan zone 
which is traceable in a submeridional (NNE) 
direction and coincides with a series of 
meridional and northwesterly-striking deep- 
seated faults; b) the east Greater Khingan zone 
confined to the western edge of the Sunliao de- 
pression and controlled by the West Sunliao 
northeasterly striking fault. In the south the 
latter joins the former. 


Further east the effusive fields are much 
less developed. In the Bureya-Girin uplift 
and on its slopes one can observe three re- 
gional zones of effusives consisting of a number 
of local fields. The western zone is traceable 
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along the eastern edge of the Sunliao subsidence 
area. To the north it follows the western 
fringe of the Zeya-Bureya basin, and in the 
south it can be observed on the body of the 
shield (near the city of Fusun). The zone is 
controlled by the Chanbay-Blagoveshchensk 
meridional fault, and in the northern part by 
the Amur (Kheykhe-Khuman) northwesterly- 
striking fault. 


The central zone extends along the Chengdin- 
Bureya meridional fault from the city of 
Yan'tszin, and then follows the western slope 
of the Vandaashan' and Khingan-Bureya mas- 
sifs. In the central part of the Bureya Range a 
belt of effusive rocks branches off and stretches 
along the South Bureya-Liaokhe northwesterly 
fault from the city of Foshan’ to the upper 
reaches of the Amur and Urmi Rivers. 


The eastern zone is located along the Khanka- 
Yalutszyan northwesterly fault from the city of 
Bikin to the basin of the Yalutszyan River in the 
body of the shield. 


Extending through the northern part of the 
Dunbey-Priamurian Hercynian folded zone is 
the South-Tukuringra-Dzhagdy zone of effusive 
rocks controlled by the latitudinal fault of the 
same name. 


In several regions of the Hercynian folded 
zone and the shield situated at the junction of 
various structures and in the deep-seated 
fault zones, fields of minor lyenshanian granite 
intrusions are associated with the effusive com- 
plex. These granitoids are to be found in the 
Greater and Lesser Khingan, in the Bureya 
Range, in western Chzdanguantsaylin, and in the 
region of the city of Yan'tszi. Developed in the 
Mesozoic folded zone are Triassic folded struc- 
tures covered by syntectonic intrusive masses, 
and structures of less folded Upper Jurassic and 
Cretaceous coal-bearing deposits covered mostly 
by jointed intrusive formations. The structures 
of the Sikhote-Alin' geosyncline in the U.S.S.R. 
are adequately described by P. N. Kropotkin 
[8], and N. A. Belyayevskiy [1, 2]. Inthe 
Chinese part of this region they are developed 
only in northern Nadan'khada-Alin', where 
Triassic-Jurassic geosynclinal deposits resting 
directly upon the Lower Proterozoic, or more 
precisely, Upper Paleozoic basement, form the 
Nadan'khada“Alin' geanticline. The geanticlinal 
structures trend in a southwesterly direction, 
and then turn toward the southeast. The geanti- 
cline separates the Amur-Sungari and Khanka 
depression and the Bikin synclinal zone filled 
with Jurassic-Cretaceous deposits. The axial 
part of the geanticline reveals ultrabasic, basic 
rocks, and granitoids which cut the Triassic- 
Jurassic deposits. 


As a result of one of the phases of Mesozoic 
folding manifested at the end of the Jurassic, 
the Nadan'khada-Alin' zone passed into the 


j 
ite of “mobile platform" and became a part 
the Hercynian zone. Differentiated uplifts 
{| subsidences of the basement blocks con- 
jied in the Cenozoic with the subsequent for - 


ssions and the positive structural features, 
}.ch later served as the basis for the forma- 
in of the main geomorphological features of 
) present topography. Local superimposed 
sims of the graben type were formed in the 
ion. They are filled with Tertiary deposits 
il are confined to the rejuvenated, primarily 
‘theasterly trending, deep-seated faults (for 
jmple, Sun'u graben, the basins of the 

tliao graben, developed in the area between 
| cities of Tazyamusy and Sypin). 


jin the Cenozoic (in Tertiary and Quaternary 
jie) there occurred intensive extrusions of 
salts associated with major faulting of the 
V:ient basement along the reactivated deep- 


jited faults. Two major zones of basaltic 


lanka zone, confined to the Khanka- 
jlutszyan northeasterly trending fault, is 
eable almost from the general area of 
msomol'sk and Bikin across the Chanbay- 


sin of the Yalutszyan River; b) the 
a'shuygan-Khingan zone controlled by the 
‘thwest and latitudinal Amurian faults is de- 
oped from the region of the city of Caotsin 
rhe western Lesser Khingan. The north- 
sterly trending basalt zone is confined to the 
t of Mesozoic effusives and is traceable in 


kur River to the upper reaches of the 
igun' River. 
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1;FERENCE BOOK FOR INVESTIGATORS 
OF ORE DEPOSITS? 2 


by 


P. A. Shekhtam 
‘S a result of the extensive development in 
soviet Union of detailed geologic research 
the past few decades considerable experi- 
/has accumulated in the study of the struc- 
is of ore fields and deposits. A large group 
pologists engaged in this type of studies was 
ned under the guidance of A. V. Pek and F.1. 
‘son at the Institute for the Geology of Ore 
Ysits, Petrography, Mineralogy, and Geo- 
nistry of the U.S.S.R. Academy of Sci- 

‘s. This group is cooperating with many 
ogists belonging to peripheral organizations. 
reviewed book represents the collective 

< of the investigators of this group, which 

iS with certain general problems of struc- 

| geology, mainly with the methods of 

ying the structures of ore fields and de- 

ts. The second part of the book consists of 
ketches confined to investigations of 

ous structural types of deposits. 

_ central position in the first part is occupied 
'discussion of problems arising in large- 

e geologic mapping as a basic method of 
ying the structures of ore fields and de- 

s. A comprehensive review is provided of 
ern techniques and methods of compiling de- 
id geologic plans and maps, including 

ping based on aerial photography. The 


fastol'naya kniga issledovateley rudnykh mesto- 
Jeniy, (pp.111-112). 

‘undamental Problems and Methods of Studying 
tructures of Ore Fields and Deposits" by a 

> of authors under the guidance of F.I. Vol'fson 
1.1. Lukin. Institute of the Geology of Ore De- 
s, Petrography, Mineralogy, and Geochemistry 
> U.S.S.R. Academy of Sciences, Gosgeol- 
zdat, 1960. 
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REVIEWS AND DISCUSSIONS 


section devoted to the methods of rock differ- 
entiation is replete with practical suggestions 
for the successful solution of this problem under 
particularly difficult conditions. Valuable in- 
formation is imparted with respect to problems 
involving the mapping of the folds of intrusive 
bodies and dikes, stratified intrusives, and éf- 
fusive rocks. If there is some literature deal- 
ing with the mapping of sedimentary and in- 
trusive rocks, the problems associated with 
mapping effusives is, it seems, elucidated in 
this book for the first time. 


_ Detailed mapping, as is well known, 
essentially requires rock-differentiation techni- 
ques other than those used in regional mapping. 
Here, the usual stratigraphic division of sedi- 
mentary and effusive complexes, age differ- 
entiation of the intrusive rocks, appear to be 
inadequate. Large scale geologic maps based 
on this type of differentiation, as a rule, turn 
out to be lacking in detail and are schematic. 
This is the reason that it is necessary to apply 
the lithological, petrographic, and other 
methods of detailed rock differentiations that are 
collected and described for the first time in this 
book. 


A very interesting presentation is given of 
the mapping techniques for particularly complex 
fold structures. It is to be regretted, however, 
that this material is treated less systematically 
than are the subjects dealt with in other sections. 
More detailed information on the mapping of 
contact aureoles would have been desirable. 


Elucidated in detail are problems of the study 
and mapping of disjunctive dislocations and their 
relative age determination. A description is 
given of the relationship of faults to rock- 
formations of different age, magmatic bodies, 
orebodies, and altered zones. The method of 
fault age determination is discussed, both by 
comparing sequences of strata developed on 
both walls, and on the basis of the amount 
of displacement of non-contemporaneous forma- 
tions caused by faulting. Abundant original and 
factual descriptive, and graphic material and 
geologic maps accompany almost all topics dis- 
cussed. This is the first time that such a 
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systematic and detailed presentation has ap- 
peared in print. 


A comprehensive description is given of 
the geologic observations made in fault studies 
designed to determine the geologic sequence 
and the direction of movements. Fault striae 
and grooves, the position of feather joints and 
fault rock zones, the location of drag fold axial 
planes, the methods of microstructure analysis, 
the displacement of characteristic points, the 
distribution of partial openings, and the distri- 
bution of fragments in breccias, are examined. 


Along with these materials there is a 
thorough analysis of geometric displacement. 
A number of typical problems are solved by 
descriptive-geometry methods. On the whole, 
there is little new material here that is not 
contained in textbooks on mining geometry. 
The detailed derivations of such commonly used 
formulas as, for example, that for dips in 
arbitrarily selected directions (page 192) are 
in general superfluous. All of these problems 
can be solved in a simpler, more graphic and 
accurate way by using the isoline method which 
is almost unused by the authors. This section 
is not entirely on a par with the general com- 
position of the book. 


The analysis of the correlation of ore- 
bodies and the dikes of intrusive rocks is in- 
teresting. In examining the main criteria of 
these relationships (intersections, the pre- 
sence of fragments of one rock in another, the 
differences in metamorphism), the authors 
conclusively demonstrate the weakness and 
the relative nature of these criteria and the 
difficulties involved in producing a single- 
value solution of the problem. The recorded 
data and a great deal of relevant information 
published in recent years permit the following 
single conclusion to be drawn for the time 
being: many of the described intersections do 
not contain single-value age proofs. The de- 
velopment of new methods of observation — 
geochemical, geologic, and others — is ap- 
parently required. 


A description is given of the procedures to 
be used in mapping ore deposits under differ - 
ent geologic conditions of emplacement in 
massive or laminated rocks. Assembled here 
is the vast material obtained in geological 
surveys of recent years carried out using all of 
the modern methods of detailed geological in- 
vestigations. Unfortunately, those problems 
which must be solved by orebody mapping ap- 
plicable to different conditions were not 
formulated here. 


In discussing the use of microstructural 
analysis to study the structure of ore fields 
and deposits, the authors have outlined the 
solutions of the following problems: identifi- 
cation of the genesis of folds, structural 
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investigation of the structure of granite massif. 
faulting, the relationship of orebodies to dikes, 
determination of the origin of fissures, and the 
relative age of dislocations. Clearly defined 
is the auxiliary role of the method. A systemé 
tic description of microstructural analysis as 
applied to ore-field structure studies is being 
published for the first time. This, no doubt, 
will contribute to a more universal utilization 
of the method. The simplicity and vividness of 
the presentation of material and the graphic 
clarity of the illustrations are noteworthy. It 
is no secret that many foreign, and our own; 
manuals on microstructural analysis are 
written in a very involved style. This fact is 
partly responsible for the delayed introduction 
of this method in general practice. 


The last chapter contains a description of 
cases where geophysical methods of investi- 
gation may be applied effectively for geologic 
mapping and structural studies of ore fields. 
It reveals the potentialities of modern applied 
geophysics in respect to mapping, tracing out, 
and delineating geologic formations or tectonic 
lines; particularly, those not exposed to view. 
This subject is discussed with adequate detail 
and ample reference to factual materials. But 
of far greater significance to ore-field struc- 
ture studies are geophysical investigations 
devoted to research dealing with the tectonics 
of plutonic deposits, the morphological 
analysis of geologic bodies and surfaces, and 
the distribution of commercial minerals. Thes 
questions have not been reviewed in the book. 


The content of the first part of the book 
treats the fundamental trends and methods of 
research relative to the structure of ore fields, 
but does not exhaust the subject matter. To 
simplify the problem somewhat one might say 
that a structural study of ore fields, or any 
other geologic formation, involves two inter- 
related aspects: historical and morphological. 
This book treats the historical side of the 
problem vividly. The work would more ap- 
propriately be entitled; "The Methods of 
Studying the History of the Formation of the 
Structures of Ore Fields". The author of this 
review does not wish to detract from the value 
and significance of this type of research, but 
it should be stressed that the morphological 
approach is imperative, especially in con- 
nection with the practical utilization of the 
results obtained in studying the structure of 
ore fields. 


The second part of the book consists of 
outlines for studying some investigated ore 
fields and deposits. These descriptions 
elucidate the results of recent research. 


Most of the descriptions are historical in 
orientation, and not all of them contain enough 
material on the morphology of ore fields and 
orebodies. Many original procedural methods 


}re discussed. The selection of articles, on 
the whole, is not illustrative of all the sections 
pf the book. There are no references whatso- 
iver to the first part, and there is no organic 
fonnection, therefore, between the two parts 
pf the book. 


| This brief review of the book reveals the 
‘act that it presents a broad and diversified 
»Nalysis of the problems relating to studies of 
the structures of the ore fields. Considerable 
pace is devoted to the description of original 
jiew methods of geologic investigation and 
illustrations of their application in terms of 
‘ractical examples. All sections are amply 
supplied with valuable recommendations re- 
}jarding the best possible conditions required 
/or the application of this or that procedural 
jnethod. 


An important characteristic, persistently 
teflected throughout the entire work, is the 
iistorical approach — an attempt to interpret 
he geologic structures and forms in terms of 
heir development. This book stands out 
avorably among other identical or similar 
nanuals, assuming the character of a mono- 
‘raph. The freshness of the factual material 

n the geological descriptions and illustrations, 
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the high theoretical level of the discussion, 
and the simple and lively style of presentation 
is attractive. The book is written with a great 
deal of intellectual sophistication. 


The appearance of this monograph in sub- 
stantial measure fills a gap in the literature on 
the structures of ore fields and the methods of 
analyzing them, although, of course, it does 
not exhaust the topics by far, for instance 
morphologically. It is important that we should 
have more books devoted to these problems. 


Geological circles have long awaited the 
appearance of such a study, and there is no 
doubt that it will meet with satisfaction and 
will become a popular reference book with 
geologists concerned with ores and other types 
of deposits. The restricted number of copies 
published will give the authors the opportunity 
to prepare a second edition of the monograph 
in a few years. 


Received, 21 March 1961 
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the rhenium method; Firsov, L.V., A 
proposal for a standardized system in 
publishing materials on absolute age; 
Starik, I. Ye., N. V. Baranovskaya, V.V. 
Zhirova, and A. Ya. Krylov, Age deter- 
mination of magnetites by the helium 
method; Starik, I. Ye., F. Ye. Starik, and 
A.N. Elizarova, Comparative leach- 
ability of certain isotopes. 


Voprosy geologii vostochnoy okrainy 
Russkoy platformy i Yuzhnogo Urala. 
| Geological Problems of the Eastern 
Borderland of the Russian Platform and 
the Southern Urals]: Ufa, 1960, 129 pp- 
Contents: Olli, A.I., and V.A. Romanoy, 
The Pre-Ordovician history of tectonic 
development in the Southern Urals; 
Ovanesov, G.P., New data on the tec- 
tonics of Western Bashkiria; Kamaletdinov, 


M.A., andI.M. Zasyadchuk, The methods 


of tectonic studies in the Zilair 
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synclinorium in the Southern Urals; 
Ogarinov, I.S., The problems relating to 
the nature of the link of the Cisuralian 
(Perm) trough and the frontal folds of the 
Urals and the eastern fringe of the Russian 
platform (within Bashkiria); Khat'yanov, F. 
I., The structural zoning of the southern 
part of the Cisuralian trough according to 
geophysical data; Salikhov, A.G., The 
main regularities in the distribution of 
elements in the gravitational field of 
Tataria and the methods of search for 
deep structures; Senchenko, G.S., The 
interrelationship of the reef and conglo- 
meratic facies in the Cis-Ural regions; 
Olli, A.I., and V.A. Romanov, The com- 
parison of the Pre-Paleozoic deposits of 
the western slope of the Southern Urals 
and Ural-Tau mountain Range; Olli, A.I., 
The age of the Upper Bavlinian deposits of 
the eastern Russian platform; Klochikhin, 
A.V., The Ordovician, Silurian, and 
Lower Devonian on the eastern limb of the 
Zilair synclinorium in the Southern Urals; 
Timergazin, K.R., The Upper Tash sec- 
tion of the Silurian Indyatau formations in 
the Cis-Ural regions; Krauze, S.N., The 
occurrence and the facies zoning of the 
Lower Devonian deposits on the western 
slope of the Southern Urals; Chibrikova, 
Ye. V., The age of the basaltic beds of 
the Eifelian stage in Western Bashkiria; 
Frauze, S.N., and V.A. Maslov, The age 
of the Tashluian formation in the western 
slope of the Bashkirian Urals and on the 
Paleogeography of the Middle Devonian. 


3. Materialy VSEGEI. [Materials of the 
VSEGEI]: nov. ser., vyp. 45. L., 1961. 


248 pp. Contents: Bulakh, A.G., The 
rare metal-bearing ankerite carbonatites 
of the Sebl'-Yavrsk massif (Kola Penin- 
sula); Vinogradskaya, G.M., Certain 
veined formations of the Voykar-Syn'insk 
peridotite massif in the Urals; Kukharenko, 
A.A., and E.A. Bagdasarov, The Perov- 
skites of the ultrabasic-alkaline rocks of 
Kola Peninsula; Staritskiy, Yu.G., and 
Ye. V. Tuganova, The interrelationships 
of magnetite, ilmenite, and sulfides in the 
copper-nickel ores in the northwestern 
part of the Siberian platform; Godlevskiy, 
M.N., A review of the hypotheses about 
the origin of sulfide copper-nickel de- 
posits; Rudnik, V. A., The development 

of the theories on skarn formation; 
Nefedov, Ye.I., Magnesian oettigite from 
Yakhimovo; Nefedoy, Ye.I., Gerenite - a 
new mineral; Kazitsyn, Yu. V., Crystallo- 
optical and X-ray investigation of irigin- 
ite; Panov, Ye.N., Cases of regular inter- 
growth of apatite and biotite in the grani- 
toids of the Olekminsk-Nerchugansk re- 
gion of Eastern Transbaykalia; Ivanova, 
V.P., Thermographs of minerals from 

the oxidized zones of polymetallic deposits; 
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Kovalev, G.A., Ye.P. Sokolov, and A. I. 
Komkov, Standard X-ray constants for the 
principal minerals from the oxidized zones 
of polymetallic deposits; Kovalev, G. A. : 
and Yu. S. D'yakonov, The classification of 
clay minerals and the crystalline silicates 
structurally resembling them; Sokolova, 
Ye. P., Certain structural and crystallo- 
chemical features of the glauconite-group 
minerals; D'yakonov, Yu. A., Quantitative 
X-ray analysis of clay-mineral mixtures; 
Kazitsyn, Yu. V., Reconstruction of 

IRF -23 apparatus and its adaption for re- 
fraction-index measurements of micro- 
scopic quantities of immersion liquids for 
the 1. 780-2. 031 range; Golubkova, L.A., 
Enrichment of selenium-containing 
samples for mineralogical analyses; 
Nefedov, Ye.1., Magnioborite — a new 
mineral. 


Materialy po geologii Zapadno-Sibirskoy 
nizmennosti. [Materials on the Geology 
of Western Siberian Lowlands]: No. 1, 
Tomsk, 1961, 109 pp. Contents: 
Rostovtsev, N.N., The geologic structure 
and petroliferous potentialities of the 
west Siberian lowlands; Yushin, V.I., The 
petroliferous potentialities of the Mezo- 
zoic deposits of Tomsk Oblast'; Lebedev, 
I. V., The Jurassic formations of the 
Chulymo-Yenisey depression; Greigor'yev, 
K.N., L.G. Makarov, and Yu. P. Kazan- 
skiy, Stratigraphy of the Upper Cretaceous 
deposits in the southeastern part of the 
west Siberian lowlands; Kazanskiy, Yu. P., 
and L.S. Kropanina, The clay minerals in 
the Cretaceous deposits of the southeast- 
ern part of the west Siberian lowland; 
Voytsel', Z.A., Ye. A. Ivanova, V.F. 
Kozyreva, S.A. Klimko, and A.G. Poda, 
Lithologic and paleontological investiga- 
tion of the Lower Cretaceous deposits in 
the eastern part ot the west Siberian low- 
lands; Yankovskiy, V.A., S.I. Gurvich, 
I.B. Sandanov, and A.S. Stolyarov, The 
mineralogy of the Paleogene sands of the 
Tuganian formation. 


Materialy po geologii i poleznym isko- 
payemym Buryatskoy ASSR. I Materials 
on the Geology and Economic Minerals 
of the Buryat Autonomous Soviet Socialist 
Republic I: No. 2, Ulan-Ude, 1960, 94 pp. 
Contents: Arsent'yev, V.P., L.S. 
Volkov, and T. V. Kopeykina, The inter- 
relationships between the granitoids and 
ultrabasites of the Urik-Onot-Kitoy inter- 
fluve (Eastern Sayan); Garifulin, A.G., 
The Mesozoic granites of the Vitim up- 
land (Buryat ASSR); Gurulev, S.A., Meta- 
morphism and granites (as exemplified 
in the Baykal upland); Zagoskin, V.A., 
The problem of the stage of mineral gen- 
eration; Yurovskiy, V.N., The problem 
of the Ungdar Range geomorphology; 
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Fil'ko, A.S., The utilization of mine 
workings for stockwork prospecting; 
Saprontseva, A. A., The petrographic 
characteristic of the coals in certain de- 
posits of the Buryat ASSR; Karabul'kin, 
A.P., The possible occurrence of Baleyan- 
type gold in the Borgoysk depression. 


6. Meteoritika. [Meteorites]: vyp. 20, M., 


1961, 208 pp. Partial contents: Fesenkovy, 
V.G., The nature of the Tunguss mete- 
orite; Kirova, O. A., Mineralogical 
analysis of soil samples from the landing 
area of the Tunguss meteorite collected 
by the 1958 expedition; Starik, I. Ye., et 
al., The problem of the lead isotope con- 
tent of iron meteroites; Yavnet', A.A., 
The dependence of iron meteorite struc- 
ture on chemical composition and crystal- 
lization conditions; Alekseyeva, K.N., 
and K. A. Tovarenko, The dielectric con- 
stant of stony meteorites; Kvasha, L.G., 
Some new data on the structure of 
chondrites; Kashkay, M.A., and V.I. 
Aliyev, The structure and composition of 
the Yardymlinsk iron meteoritic shower; 
Yudin, I. A., and N. F. Obotnin, Minera- 
graphic and X-ray diffraction studies of 
coal-like chondrites from Migea, Sta: oye- 
Boriskino, and Grosznaya; Shaposhnikov, 
D.P., Studies of the Lipovskiy Khutor 
meteorite (thesis of a report); Grigor'yev, 
D.P., V.D. Kolomenskiy, and V.G. 
Kuznetsova, A compilation of meteorite 
mineralogy; Vorob'yev, G.G., A method 
of quantitative spectral analysis of 
tektites and the silicate phase of meteor- 
ites; Kvasha, L.G., and G.S. Gorshkov, 
Vector diagram of the chemical composi- 
tions of tektites and terrestrial lavas; 
Starik, I. Ye., E.V. Sobotovich, M. M. 
Shats, and G.P. Lovtsyus, Uranium and 
lead in tektites. 


7. Nauchnyye trudy Nauchno-issledovatel'skogo 


ornogo-metallurgicheskogo instituta. 
: Transactions of the Mining and Metal- 
lurgical Scientific Research Institute]: 
vyp. 1, Yerevan, 1960, 279 pp. Partial 
contents: Vartapetyan, B.S., Structural 
control of endogenic mineralization in 
the territory of the Armenian Soviet 
Socialist Republic; Leye, Yu. A., Primary 
dispersion haloes of the copper and poly- 
metallic deposits of the Kafansk ore field; 
Balasanyan, S.I., and G. Ye. Kochinyan, 
The problem of the genetic connection of 
mineralization with the intrusions of 
northern Armenia. 


Regional'naya stratigrafiya SSSR. [Re- 
ional Stratigraphy of the USSRJ: t. 5, 
M., 1961, 356 pp. Contents: Dalmat- 
skaya, I.I., The stratigraphy and fora- 
minifera of the Middle Carboniferous de- 
posits on the Gor'kiy and Ul'yanovsk Volga 
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regions; Rauzer-Chernousova, D.M., 
Middle Carboniferous deposits in the 
Volga region; Rauzer-Chernousova, D. 
M., and T.P. Safonova, The stratigraphy 
of the Middle Carboniferous deposits in 
the Perm' district of the Kama region; 
Rauzer-Chernousova, D. M., Biostrati- 
graphic differentiation of the Middle 
Carboniferous deposits in the Samara 
meander and the Central Volga regions 
according to the foraminifera; Fauzer- 
Chernousova, D. M., Certain Middle 
Carboniferous fusulinids of the Kama and 
Volga regions; Reytlinger, Ye. A., The 
stratigraphy of the Middle Carboniferous 
deposits in the No. 1 drill core at 
Krasnaya Polyana in the Central Trans- 
Volga region; Chernova, Ye.I., Bio- 
stratigraphy (foramininferal) of the 
Middle Carboniferous deposits on the 
right bank of the Volga near Saratov; 
Latskova, V. Ye., I.N. Orlova, Ye. I. 
Chernova, and D. M. Rauzer-Chernou- 
sova, The stratigraphy of the Saratov- 
district, Trans-Volga Middle Carboni- 
ferous deposits; Semikhatova, Ye. N., The 
importance of foraminifera in strati- 
graphic studies of the Middle Carbonifer - 
ous deposits in the zone of the Don- 
Medvedsk dislocations. 


9. Soobshcheniya Moskovskogo otdeleniya 


Vsesoyuznogo botanicheskogo obshchestvo 
AN SSSR. | Reports of the Moscow Sec- 
tion of the All-Union Botanical Societ 

of the USSR Academy of Sciences]: 

M., 1960, 152 pp. Partial contents: 
Sladkov, A.N., The importance of the 
comparative morphology of modern plant 
microspores for spore-pollen analysis; 
Zaklinskaya, Ye.D., The problem of 
taxonomy and nomenclature of fossil 
pollen and spores; Giterman, R. Ye., 
Holocene vegetation in the lower reaches 
of the Lena River. 


10. Trudy Vsesoyuznogo nauchno-issledo- 
vatel'skogo instituta galurgii. [Trans- 


actions of the All-Union Scientific Re- 
search Institute of Halurgy]: vyp. 40, 
L., 1960, 447 pp. Contents: Gorbov, A. 
F., The formation conditions and dis- 
tribution mechanism of borate deposits of 
the volcanic-sedimentary type. Voronova, 
M.L., The petrographic characteristics 
of the Lower Cambrian salt deposits in 
the southeastern part of the Siberian plat- 
form; Dubinina, V.N., A description of 
carnallite rocks penetrated by borehole 
75 in 1950 in the area of the Solikamsk 
mines in the Verkhnekamsk deposits; 
Lobanova, V.V., The petrographic char- 
acteristic of the salt formation in the 
western Azgir uplift; Lobanova, V.V., 
The petrographic and mineralogical 
characteristics of the potassium beds in 
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1l. Trudy Geologicheskogo instituta AN SSSR. 
Transactions of the Geological Institute 
of the USSR Academy of ula [08 vyD. 
18, M., 1961, 150 pp. Contents: 


12. Trudy Gorno-geologicheskogo institute i 
Ural'skogo filiala AN SSSR. [Trans- ; 


the Zhilyanskoye deposits; Lobanova, V. 
V., The formation conditions of the sul- 
phate capping bed of the Chelkarsk uplift; 
Korobov, S.S., Epsomite in the Quater- 
nary deposits of Inder; Korobov, S.S., . 
Some new data on the geology of the Inder 
uplift; Gerasimova, V. V., Geological and 
lithological characteristics and deposi- 
tional conditions of the salt-bearing for- 
mation in northwestern Fergana; Koreney- 
skiy, S.M., The element composition of 
the saliferous, interbedded, and enclosing 
rocks of the Solotvinsk rock-salt deposits; 
Pastukhova, M.V., The element composi- 
tion of the saliferous rocks in the Middle 
Devonian salt-bearing series in the Tuva 
autonomous oblast'; Gurevich, V.I., Some 
characteristics of boron distribution in the ~ 
sedimentary rocks in the northern part of 
the Russian platform; Yarzhemskiy, Ya. 
Ya., The petrography of the Belorussian 
saliferous deposits; Osinskiy, A.V., A 
discovery of luneburgite on the Kerch Pen~ 
insula; Vakhrameyeva, V.A., and M.L. 
Voronova, Luneburgite from Kara-Bogaz~ 
Gola and Uzun-Su; Abramova, S.A., and 

O. F. Marchenko, Materials on the pale- 
ontological survey of the subsalt strata 

in the Kungurskian formations of the 
Verkhnekamsk potassium deposit; 
Vakhrameyeva, V.A., and O.P. Gorkun, 

A petrographic description of the rocks 

of the subsalt formation and the lower salt 
beds in the Verkhnekamsk deposits; 

Gorbov, A. F., The principles of the 
genetic classification of borates. 


Keller, 
B.M., A general survey of the Tremadoc- 
stage structure as represented in the most 
important sections in Europe, Asia, and 
North America; Keller, B.M., and T.B. 
Rukavishnikova, The Tremadocian and the 
adjacent deposits of the Kendyktas Range; 
Rukavishnikova, T.B., The brachiopods 
of the Lower Ordovician in the Kendyktas 
Range; Lisogor, K. A., The trilobites in 
the Tremadocian and adjacent deposits of 
Kendyktas; Keller, B. M., and Kh. S. 
Rozman, The Lower Ordovician deposits 
in the Aktyubinsk region of Kazakhstan and — 
the adjacent regions in the western slope of 
the Urals; Balashova, Ye. A., A few Tre- — 
madocian trilobites of the Aktubinsk re- 
gion; Obut, A. M., The graptolites of the 
Tremadocian and the adjacent deposits in 
the Aktyubinsk and Orenburg regions. é 
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actions of the Mining and Geological In- 
stitute of the Uralian Branch of the USSR 


Academy of Sciences]: vyp. 5 
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Sverdlovsk, 1961, 163 pp. Contents: 
Ovchinnikov, L.N., B.A. Yunikov, and 
L.I. Mettikh, The composition and struc- 
ture of the hydromicas of the Buldymsk 
deposit; Bogomolova, L. K. , Micas from 
the reactional zones surrounding the peg- 
Matites in the lode fields of the Central 
Urals; Yunikov, B. A., L.N. Ovchinnikov, 
and L.I. Mettikh, The possibility of de- 
termining the garnet content of grossular- 
andradite series by the parameter of the 
unit cell; Yel'kina, N.T., The zonal 
density of a garnet crystal; Pokrovskiy, 
P.V., Stolzite; Svyazhin, N. V., The 
crystals of ilmenorutile from Mochalin 
Log in the Central Urals; Chesnokov, 

B. V., New minerals from the Vishnevyye 
mountains in the Urals; Avdonin, V.N., 
Scapolite-syenites of the Uvil'dinsk 
alkaline zone in the Urals; Avdonin, V.N., 
Amazonite from the Uvil'dinsk alkaline 
zone in the Urals; Sherstyuk, A.1., 
Amazonite and fluorite from the Murzinsk 
granit massif; Shur, A.S., N.T. Yel'kina, 
and N.D. Znamenskiy, Ultra- and micro- 
porosity of microcline-perthites; 
Chervyakovskiy, G.F., New associations 
of hypogenic non-metallic minerals in the 
ores of the pyrite deposits in the Central 
Urals; Fominykh, V.G., The discovery of 
axinite in the Kopansk titanomagnetite de- 
posit in the Southern Urals; Latysh, I.K., 
and V.G. Fominykh, The character of 
leaching of ordinary amphiboles in the 
hornblendites of the Pervoural'sk deposits; 
Dunayev, V.A., The graphitization of 
carbonate rocks in the Bakal' deposits; 
Gladkovskiy, A.K., andI.N. Ushatinskiy, 
The element composition, origin, and 
alteration of the Tikhvinskiy region 
bauxites; Yunikoy, B. A., andI.K. Latysh, 
The solubility of rutile in pseudo-brookite; 
Yunikov, B. A., An X-ray analysis of the 
products of vaporous cadmium inter- 
action with galena; Krutsko, N.S., and Yu. 
S. Solov'yev, The serpentine from the 
Bazhenovsk asbestos-bearing region as a 
decorative and industrial stone; Malakhov, 
A.Ye., andD.I. Bulatov, Separation of 
Bakal' carbonate ores in a Sonstadt solu- 
tion by the centrifuge method; Vyalukhin, 
G.I., and Z.G. Sheina, Swelling as a 
diagnostic indication in determining the 
mineral composition of clays; Yershov, 
V.M., The dot method of determining 
components under a microscope with the 
aid of a rotating stage. 


_ Trudy Institute geologii rudnykh mesto- 
rozhdeniy, petrografii, mineralogii i 
geokhimi AN SSSR. [ Transactions of 
the USSR Academy of Science Institute of 

Geology of Mineral Deposits, Petrography, 

- and Geochemistry]: no. 64, x ie 

99 pp. Contents: Nesterova, Yu. A. , 

The methods of chemical analysis of 
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certain sulfide minerals; Senderova, V. 
M., The methods of chemical analysis of 
molybdenum-tungsten minerals; Moleva, 
V.A., The chemical analysis of spinels; 
Burova, T.A., The chemical analysis of 
pyrochlore; Vasil'yeva, Z.V., Use of ion- 
exchange resins for the analysis of 
apatites; Bogdanova, V.I., G.N. Muravit- 
skaya, and Ye.B. Khalezova, Rare earth 
element determination in zircons; Danilova, 
V.V.,; Qualitative determination of boron 
in rocks and minerals under field condi- 
tions. 


14, Trudy Institute mikrobiologii AN SSSR. 
Transactions of the Institute of Micro- 


biology of the USSR Academy of Sci- 
Se Le eae pp. Con- 
tents: Kuznetsov, S.1., The principle 
directions of research into the geologic 
activity of microorganisms; Messineva, 
M.A., The geologic activity of bacteria 
and its effect on geochemical processes; 
Shturm, L.D., The effects of ecological 
factors on the microorganisms of petro- 
liferous deposits; Ivanov, M. V., The role 
of microorganisms in the formation and 
disintegration of sulfur; Mogilevskiy, G. 
A., Certain regularities in the distribu- 
tion of natural gases and microorganisms 
in a zone of oil and gas deposits; Al'tov- 
skiy, M. Ye., The microflora of under- 
ground water and its significance in the 
formation of natural gases, oil, sulfur, 
and certain gaseous components; Mekti- 
yeva, V.L., The abundance of micro- 
organisms in present-day and ancient 
clay-siltstone deposits; Pokrovskiy, V.A., 
The lower boundary of the biosphere in 
the territory of the European USSR ac- 
cording to the data of regional geothermal 
investigations; Andreyevskiy, I.L., The 
influence of microflora in the third layer 
of the Yaregsk deposits on the alteration 
of the composition and properties of oil; 
Simakova, T.L., et al., The bacterial 
alteration of petrols and their components 
in anaerobic conditions; Gurevich, M.S., 
The role of microorganisms in the for- 
mation of underground water chemical 
composition; Dutova, Ye.N., The signifi- 
cance of sulfate-reducing bacteria for oil 
prospecting, as exemplified underground- 
water investigations in Central Asia; 
Gasenov, M.V., Biogenic reduction of 
sulfates in layers during sea-water flood- 
ing of oil fields; Ashirov, K.B., The life 
activity of stratal microflora as an indi- 
cator of the geologic conditions and proc- 
esses developing in oil-bearing beds; 
Sazonova, I. V., The results of studies 

of the microflora beds of the oil deposits 
of the Kuybyshev district; Kuznetsova, Z. 
J., The occurrence and ecology of micro- 
organisms in deep-seated underground 
water in some territories in the USSR; 
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specific composition of bacteria which USSR and the problem of the Rhaetian 
oxidize the gaseous hydrocarbons in the stage; Nakoryakov, V.D., The problem 
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G.I. , Certain problems related to the Puk, and D.S. Sorokov, The future di- 
study of biological sulfate erosion. rection of oil prospecting operations in 
the main potential regions of Northern 
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16. Trudy Moskovskogo instituta inzhenerov 18. Trudy Odesskogo universiteta. [Trans- 
eodezii, aerofotos''yemki i kartografii. actions of the Odessa University]: t. 150, 
Transactions of the Moscow Institute of 


Sbornik stud.rabot, vyp. 6, Odessa, 1960. 


Geodetic, Aerial-Survey, and Carto- Partial contents: Kovalevskiy, V.V., 
graphic Engineers]: vyp. 44, M., 1961, Physical-geographical characteristic of 
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V., The problem of the migration of L., The problem of the Lower-Dnyestr 
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19. Trudy Sibirskogo nauchno-issledovatel' skog 


17. Trudy Nauchno-issledovotel'skogo in- instituta geologii, geofiziki i mineral'’nogo 
stituta geologyii Arktiki. [ Transactions syrya (SNIIGGIMS). [Transactions of the 
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pp. Contents: Vol'nov, D.A., and D.S. ducts (SNITGGIMS)]: M-va geologii i 
Sorokov, The geologic structure of okhrany nedr SSSR, ser. neft. geologiya, 
Bennet Island; Vinogradov, V.A., Pre- vyp. 15, L., 1961, 262 pp. Contents: | 
Upper Paleozoic history of the geologic Teslenko, Yu. V., The Middle Jurassic 
development of northern Verkhoyn'ye flora of the west Siberian lowland and its 
and the northeastern part of the Siberian importance for the study of Siberian Juras- 
platform in relation to the area's oil and sic flora; Klimova, I.G., The Upper Juras 
gas potentialities; Ustritskiy, V.I., The sic ammonites of the west Siberian low- 
facies zoning of the Middle Paleozoic de- lands; Putrya, F.S., The miliolides of the 
posits in Pay-Khoy and the northern part Upper Jurassic and Paleogene deposits in 
of the Polar Urals; Rogozoy, Yu. G., The the west Siberian lowlands; Markova, L. 
stratigraphy and paleogeography of the G. , Some new data on the pollen of Bra- 
Carboniferous deposits of the Polar Urals chyphyllum Brongn. and Pagiophyllum 
in the basin of the middle and upper Heer; Kondrat'yev, G. K., The spore- 
reaches of the Pechora River; Popov, Yu. pollen spectra of the Middle Jurassic 

114 


BIBLIOGRAPHY 


deposits on the eastern margin of the west 

Siberian lowland; Vekshina, V.N. , Anew 

. Phylum and a new species of diatoms from 
the Cretaceous and Paleogene deposits of 

the west Siberian lowlands; Sukhov, S.V., 

| The Upper Paleozoic vegetation from the 

| D'yavol'skaya River in the Tunguss basin; 

|, Muromtseva, V.A., Representatives of 

* the Grammysiidae Fischer family in the 

_ Lower Carboniferous deposits of western 

. Siberia and east Kazakhstan; Reshetnikova, 


) M.A., The study of the fresh-water 


_ ostracods of the Upper Paleozoic coal 
measures in Karaganda basin; Sergiyenko, 
_A.A., The discovery of Grossilepis aff. 
tuberculata (Gross) in the Upper Devonian 


) deposits of the Minusinsk depression; 


Sargiyenko, A.A., A new species of 

} Bothriolepis extensa sp. from the Tubinsk 
» formations in the Minusinsk depression; 
Krasnov, V.I., The facies alterations of 
| the Beyskian sediments in the south 

) Minusinsk depression; Mironova, N. V., 

\ The tabulate corals and heliolitides of the 
| Tom'-Chumyshian (ostracod) beds of 

) Salair; Mironova, N.V., A new phylum of 
= tabulate corals of the caenitid family; 

y Ivanovskiy, A.B., The phylogeny of the 

_ Lykophyllidae Wedekind family, Ivanov- 
skiy, A.B., Certain Streptelasmatida of 

| the Middle and Upper Ordovician from the 
/ Podkamennaya Tunguska River; Yegorova, 
_ L.I., Lower Cambrian trilobites from the 
) Katun' River basin (Gornyy Altay); 
_Semenova, V.S., Certain trilobites from 
| the Ordovician and Silurian in Gornyy 

, Altay; Krasnopeyeva, P.S., New archaeo- 
/ cyatheans from the Obruchevian beds in 

) the Altay-Sayan region. 


|/Same. vyp. 17, 201 pp. Contents: Ro- 


| stovtsev, N.N., The conditions of gas 

_ deposit formation in the Berezovsk region 
/ of the west Siberian lowland; Gurari, F. 

' G., Oil and gas prospecting in the Meso- 
| zoic formations of the west Siberian low- 
land; Markevich, V.P., The “active 

} terrace" of the platforms and its im- 

| portance for the evaluation of the petro- 

' leum potentialities of the platforms; 
Nesterov, I.I., The genesis and the de- 
velopment history of the structures in 
the Berezovsk region of the west Siberian 
’ lowland; Yekhanin, Ye. V., and V. P. 

_ Zhdanova, The methods of quantitative 

_ investigation of the tectonic of the third- 

_ order structures in the west Siberian low- 
_ land based on seismic survey data; 


115 


Karatayev, G.I., and Kh.S. Akhmyat- 
Zhanov, The utilization of the anomalous 
geophysical fields in studying the tec- 
tonics of the sedimentary mantle of the 
west Siberian lowland; Zagorodnov, A.M., 
and N. M. Smirnoy, The problem of the 
tectonic structure of Tom'-Yaysk inter- 
fluve; Telyakova, Z.Kh., Materials on the 
geology and geomorphology of the Kulunda 
steppe; Telezhenko, V.P., The method of 
seismic simulation; Zhero, O.G., The 
acquifer properties of the sandstones of the 
Kuzbas Paleozoic deposits; Prozorovich, 
G.E., The lithology of the Jurassic and 
Lower Cretaceous deposits in the Turu- 
khansk test hole; Gurova, T.I., The sort- 
ing problem in the Mesozoic and Cenozoic 
terrigenous rocks in the west Siberian low- 
land; Romodina, L.I., The correlation of 
the Upper Cretaceous sections of the Yeni- 
seyan region on the west Siberian lowland 
according to the typomorphic characteris- 
tics of minerals; Sorokina, Ye. G., The 
stages of Cretaceous deposition in the 
central Ob' regions; Antonova, T.F., and 
T.I. Gurova, The problem of the mineralo- 
gical composition of the Mesozoic clays in 
the west Siberian lowland; Perozio, G.N., 
The epigenetic alterations in the Mesozoic 
terrigenous rocks in the west Siberian low- 
land; Sadikov, M. A., Experience in deter- 
mining the mineralization of stratal water 
in the northeastern part of the west Siber- 
ian lowland on the basis of electric logging. 


Trudy TsentraJnogo nauchno-issledovatel'- 

~skogo gormorazvodochnogo institute. 
Prospecting Scientific Research Institute]: 
vyp. 40, M., 1961, 161 pp. Contents: 
Borodayevskaya, M.B., and N. A. Peri- 
zhnyak, Localization conditions of the 
pyrite mineralization within the limits 
of the Sibaysk ore field (Southern Urals); 
Petrovskaya, N.V., The associations of 
ore-forming minerals, the structural 
features of orebodies, and certain genetic 
characteristics of the Sibaysk copper - 
pyrite deposits (Southern Urals); Sto- 
rozhenko, A.A., The fenitization process 
and the fenites developed in the vicinity 
of the Oktyabr'sk alkaline massif 
(Ukraine); Kurbanov, A. Sh., Some metalo- 
genetic problems of the Northern Cau- 
casus; Bindeman, N.N., Cases of the post- 
magmatic manifestation of mineralization 
associated with the gas daitremes in east~ 
ern Transbaykalia. 


CHRONICLE 


GENERAL MEETING OF THE DIVISION OF 
GEOLOGICAL AND GEOGRAPHICAL 
SCIENCES, U.S.S.R. ACADEMY OF 

SCIENCES, MAY 17, 1962! 


After the opening remarks made by the 
Academician D.1. Shcherbakov, Secretary 
of the Division, a report was presented at the 
General Meeting of the Division of Geological 
and Geographical Sciences by I.I. Gorskiy, 
Associate Member of the U.S.S.R. Academy 
of Sciences and the Deputy-Secretary of the 
Division, concerning steps to be taken to 
comply with the Resolution of the Soviet Com- 
munist Party Central Committee and the 
Council of Ministers of the U.S.S.R. of April 
3, 1961 on "Measures to improve the coordina- 
tion of the scientific-research work in the 
country and the activity of the U.S.S.R. 
Academy of Sciences". 


The report stimulated a general exchange 
of opinions and the meeting adopted resolu- 
tions aimed at improving the organization of 
work in the scientific institutions of the 
U.S.S.R. Academy of Sciences. 


Reports were then heard from the depart- 
mental directors of the Division on the com- 
mitments made by the Institutes of the 
Division of Geological and Geographical Sci- 
ences on the occasion of the 22nd Congress of 
the U.S.S.R. Communist Party. 


IN THE NATIONAL COMMITTEE OF 
GEOLOGISTS OF THE U.S. S. R.? 


On Preparations for the 22nd Session of the 
International Geological Congress 


The National Committee of Geologists of the 
U.S.S.R. announced that, in compliance with 


1Obshchee sobranie otdeleniya geologo-geografi- 
cheskikh nauk Akad. Nauk SSSR, 17 Maya, 1961, 
(p. 128). 


2vV natsional'nom komitete geologov SSSR, (p. 
128). 
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decisions made at the 21st Session of the Inter 
national Geological Congress (Copenhagen, 
1960), the 22nd Session of the Congress wili 
be held in India in 1964. 


The forthcoming session of the Internationa 
Geological Congress will be of great importan 
in the development of geologic science. In vie 
of this, it is necessary that Soviet geologists 
should duly prepare themselves for the occasif 
in order to present to the Congress scientific 
Papers, geologic maps, monographs and other 
studies characterizing the achievements and th 
level of geological research in the U.S.S.R. 


At the 21st Session of the Congress, Soviet 
geologists presented many reports and sci- 
entific papers on fundamental theoretical prob 
lems. More than 400 papers and scientific 
articles were published in 24 symposia publish 
especially for the Congress. Many reports we 
included in the Transactions of the Congress. 


Demonstrated at the Congress were geologi 
paleogeographic, tectonic, and metallogenic 
maps compiled by our geologists, internationa 
tectonic maps and a map of coal formations in 
Europe prepared in the U.S.S.R. under the 
guidance of Soviet geologists, and also numer 
scientific works published in the U.S.S.R. int 
recent years. 


The National Committee of Geologists of th 
U.S.S.R. proposes to publish the reports of 
Soviet geologists for the 22nd session of the 
Congress by early 1964. In the current year 
it is necessary to determine the subject matte 
of the reports, and prepare a list of the mono 
graphs and maps that are to be presented at th 
Congress. All of these materials must be 
ready for publication by early 1963. 


In this connection the National Committee 0 
Geologists of the U.S.S.R. requests the Heads 
of the geological institutions and geologists to 
submit their suggestions as to the problems 
they would like to discuss at the Congress. it 
is desirable that the papers of our geologists — 
should shed some light on actual problems rel 
tive to the stratigraphy and petrology of the 


mbrian, and the stratigraphy of the 

zoic, Mesozoic and Cenozoic of the 

2rn phyto-geographic provinces, the tec- 

} of mountain structures of interior 

as well as problems dealing with the 

al zones of the earth's crust according to 

ic and geophysical data, the problem of 
ana land, the absolute age-scale of rocks, 

‘le of metamorphism in the formation of 

its of economic minerals, the geologic 

‘ure of the petroliferous provinces of 

ern U.S.S.R., the geology of the ocean 

2a bottoms, the problem of arid-zone 

geology, the theoretical principles and 

ids of prospecting for deposits of 

mic minerals, the problem of isotope 

zy, the theoretical principles of the 
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genesis of commercial minerals based on ex- 
perimental and other data. 


The suggestions received will be considered 
by the National Committee of Geologists, and 
appropriate recommendations will be made in 
accordance with the agenda of the Congress 
session which will be communicated to us 
shortly by the Organizing Committee of the 
Congress in India. 


President of the National Committee of 
Geologists of the U.S.S.R., 


Associate-Member of the U.S. S.R. 
Academy of Sciences, 
I. I. Gorskiy 
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